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Art.  I. — Contributions  to  Meteorology^  being  Results  derived  from 
an  examination  of  the  United  States  Weather  Maps  and  from 
other  sources  ;  by  Elias  LooMis,  Professor  of  Natural  Philoso- 
phy in  Yale  College.  .  Fourth  paper.     With  Plate. 

[Bead  before  the  National  Academy  of  SdenoeSi  Philadelphia,  Not.  2,  1875.] 

Movement  of  Areas  of  high  barometer. 

Having  determined  the  average  direction  and  velocitv  of 
movement  of  areas  of  low  barometer  within  the  limits  oi  the 
United  States,  I  desired  to  make  a  similar  determination  re- 
specting areas  of  high  barometer.  As  I  have  in  my  posses- 
sion only  one  Weather  Map  for  each  day,  I  have  frequently 
found  it  difficult  to  follow  the  course  of  areas  of  high  barome- 
ter from  day  to  day,  and  have  therefore  confined  my  com- 
parison to  the  monthly  charts  published  by  the  U.  S.  chief 
signal  officer.  Among  these  I  found  three  charts  which  gave 
the  tracks  of  areas  of  high  barometer  for  a  month  each,  viz : 
Aug.,  1873,  Dec.,  1874,  and  Jan.,  1875.  The  following  are  the 
average  courses  and  velocities  of  the  areas  of  high  barometer 
for  these  months : 
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2  K  Loomis — Resuiis  Jrom  an  examination  of  the 

The  lower  line  shows  the  averages  for  the  three  months,  r^ard 
bein^  had  to  the  namber  of  cases  in  each  month.  Compar- 
ing these  results  with  those  given  in  my  last  article  for  areas 
of  low  barometer  (this  Jour.,  vol.  x,  p.  5),  we  find  that  for  each 
month  the  course  of  high  barometer  is  more  southerly  than 
low  barometer.  These  differences  are  shown  in  column  fourth. 
Column  fifth  shows  the  differences  in  velocity  for  each  month. 

These  observations  indicate  that  while  the  average  track  of 
storms  east  of  the  Rocky  Mountains,  across  the  United  States, 
is  nine  degrees  to  the  north  of  east,  areas  of  high  barometer 
advance  toward  a  point  several  degrees  south  of  east,  and  with 
a  velocity  somewhat  less  than  the  former. 

Monthly  minima  of  temperature. 

In  a  former  article  (this  Jour.,  vol.  ix,  p.  7)  I  gave  a  table 
showing  the  lowest  temperature  observed  at  New  Haven  for 
each  month  during  a  period  of  three  years,  together  with  the 
height  of  the  barometer,  direction  of  the  wind,  and  d^ree  of 
cloudiness  for  the  corresponding  dates,  and  I  expressed  the 
opinion  that  these  low  temperatures  are  due  in  part  to  the 
descent  of  cold  air  within  an  are^  of  high  barometer.  Inas- 
much as  some  persons  ascribe  these  low  temperatures  to  a  flow 
of  air  from  a  higher  latitude,  it  has  appe£a*ed  to  me  that  it 
would  be  instructive  to  study  the  same  phenomenon  at  a 
locality  where  a  current  of  air  fix)m  a  colder  latitude  is  impos- 
sible ;  and  such  a  locality  must  be  found  at  the  point  of  mini- 
mum temperature  for  the  northern  hemisphere.  Now  accord- 
ing to  Dove's  charts ;  during  the  winter  months  Jakutsk,  in 
Siberia,  lat  62**  2'  N.,  is  situated  very  near  the  center  of  great- 
est cold  for  the  northern  hemisphere.  I  have,  therefore,  sought 
for  a  complete  meteorological  journal  at  this  station,  and  have 
found  it  in  Middendorff  *s  Sibirische  Reise,  Band  I,  pp.  28-49, 
extending  from  Sept,  1844,  to  June,  1846.  The  following 
table  shows  the  results  obtained  for  each  month  of  this  period. 

Column  first  shows  the  date  of  the  lowest  temperature  for 
each  month  ;  column  second  shows  the  lowest  temperature  for 
each  month  in  degrees  of  Reaumur ;  column  third  shows  the 
direction  of  the  wind,  and  column  fourth  shows  the  force  of  the 
wind ;  column  fifth  shows  whether  the  sky  was  clear  or  over- 
cast ;  column  sixth  shows  the  height  of  the  barometer  expressed 
in  Russian  half  lines ;  column  seventh  shows  the  mean  height 
of  the  barometer  for  each  month ;  column  eighth  shows  how 
much  the  observed  height  of  the  barometer  differed  from  the 
mean  height  expressed  in  English  inches  (one-half  line=005 
inch  English). 

From  this  table  it  will  be  seen  that  the  monthly  minima  of 
temperature  are  almost  entirely  independent  of  the  direction  of 
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wind.  A  northerly  direction  occurs  10  times ;  southerly, 
imes ;  easterly  7  times ;  and  westerly,  5  times.  In  every 
tance  (except  one]  these  winds  were  faint,  and  generally 
y  faint  In  two-tnirds  of  the  cases  the  sky  was  entirely 
ar,  and  in  only  two  cases  was  the  sky  entirely  overcast.  In 
■ee-foarths  of  the  cases  the  barometer  stood  above  its  mean 
ight 

iwest  temperaiwre  for  each  month  at  Jakutsky  Siberia^  for  the 

years  1844,  5  and  6. 
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In  all  these  particulars,  except  the  direction  of  the  wind,  the 
lenomena  at  Jakutsk  are  quite  similar  to  those  observed  at 
ew  Uaven.  So  far  as  I  have  yet  learned  it  is  true  universally 
lat  periods  of  unusual  cold  are  generally  accompanied  by  a 
irometer  above  the  mean.  Now  it  has  been  shown  (this  Jour., 
oL  ix.  p.  2)  that  within  areas  of  high  barometer  the  motion  of 
le  air  is  outward  from  the  center  of  this  area,  and  therefore 
aere  must  be  a  downward  motion  to  supply  the  air  flowing 
utward.  In  other  words,  it  must  be  regarded  as  an  observed 
act  that  periods  of  unusual  cold  are  generally  accompanied  by 
'-  descent  of  air  from  tlie  upper  regions  of  the  atmosphere. 

influence  of  Winds  on  the  temperature,  moisture  and  pressure  of 

the  atmosphere. 

In  order  to  determine  the  influence  of  winds  upon  the  tem- 
perature, etc.,  of  the  atmosphere,  I  selected  the  Meteorological 
^observations  made  at  Girard  College,  Philadelphia,  from  1840 
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to  1845.  A  large  sheet  of  paper  was  ruled  with  16  vertical 
columns,  and  at  the  head  of  these  columns  were  placed  the  letters 
N. ;  N.N.E. ;  N.E.,  etc.,  for  the  directions  of  the  wind.  I 
first  took  the  observations  for  the  three  winter  months,  and  be- 
ginning with  Dec.  1,  1840,  found  that  at  the  first  observation 
the  wind  was  N.W.  The  temperature  at  this  observation  was 
compared  with  the  mean  temperature  of  that  month  for  the 
same  hour,  and  the  difference  (with  its  algebraic  sign)  was 
placed  ill  the  column  headed  N.W.  I  proceeded  in  like  man- 
ner with  each  succeeding  observation  during  the  winter  months 
for  the  whole  period  of  five  years.  The  average  of  all  the  num- 
bers in  each  column  was  tak:en  and  the  results  are  shown  in 
column  second  of  the  following  table.  These  numbers  clearly 
indicate  that  the  coldest  winds  are  from  the  neighborhood  of 
the  N.W.,  and  the  warmest  winds  from  the  neighborhood  of  the 
S.E.  As,  however,  the  progress  of  the  numbers  is  somewhat 
irregular,  I  have  taken  the  average  of  each  successive  three 
numbers  in  this  column  and  placed  the  results  in  column  third. 
These  numbers  show  a  remarkable  regularity,  indicating  a  mini- 
mum with  a  N.W.  wind,  and  increasing  thence  uninterruptedly 
to  a  maximum  with  a  S.E.  wind,  and  thence  decreasing  unin- 
terruptedly to  the  minimum.  The  entire  range  of  the  numbers 
in  column  third  is  8'°46  Fahr.,  while  the  extreme  range  in 
column  second  is  10'°18. 

Influence  of  winds  on  the  temperatiirey  moisture  and  preeeure  of 

the  cUmoephere, 


Thermometer  at  PhllftdelphU. 

Force  of  vapor  at  PhUadelphia. 

Barometer  at  Phlla^elpt 

Direction 

Winter' 

Fabrennelt.                  | 

Incbaa  of  mercnry. 

29  Incbee  ploa. 

of        1 

Winter 

Sam'er 

Snm'er 

Winter 

Winter 

Bom'er,  Bam*er 

Winter 

Winter 

*2«t\  « 

wlnu. 

1 

means.]  aver'd. 

meana. 

aver'd. 

meana. 

aver'd. 

meana.  1  aver'd. 

meana. 

aver'd. 

N. 

-1-57  -153 

-3-69 

-3"23 

-•007 

-006 

-•096 

-•086 

1-039 

1*005 

•9&o\ 

N.  N.  E. 

—  0-45 

-0-25 

-2-78 

-2-85 

+  006 

+  003 

-072 

-•072 

•986 

1*013 

-9^1] 

N.  E. 

-1-1 -28 

+  0-40 

-2-07 

-2-61 

+  •012 

+  006 

-•047 

-066 

1^014 

1^038 

-980^ 

E.  N.  E. 

4-0-36  +100 

-2-68 

-2-21 

-003 

+  •011 

-046 

-040 

1113 

1033 

1-008 

E. 

+  1-37 

+  2-66 

-1-87 

-1-82 

+  023 

+  •026 

-•026 

-•029 

•973 

1-018 

l'€>^^ 

B.S.E. 

4-6-26 

+  4-25 

-0-90 

-116 

+  •066 

+  •043 

-016 

-•004 

•967 

•963 

1032 

S.B. 

+  5-11 

+  6-94 

-0-66 

-0-24 

+  •061 

+  •060 

+  031 

+  023 

•918 

•913 

•90^ 

S.S.  B. 

4-6-46 

+  6-69 

+  0-83 

+  0-65 

+  076 

+  •069 

+  •064  +^046 

•857 

•898 

•^Oi 

S. 

+  5-50 

+  6-00 

+  1-48  +1-68 

+  062 

+  •054 

+  062  +067 

•920 

•889 

•^0: 

S.  s.  w. 

+  3  05 

+  3-88 

+  2-72 

+  2-48 

+  •036 

+  029 

+  066,  +  -061 

•891 

•900 

.^^ 

S.W. 

+  309 

+  2-47 

+  3-24  +2-61 

+  •029 

+  •029 

+  066i  +-066 

•890 

•886 

•^9: 

w.  s.  w. 

+  1-26 

+  1-08 

+  1-67 

+  2-42 

+  023 

+  007 

+  •036'  +-038 

•874 

•911 

'^s: 

w. 

—  112 

-1-19 

+  2-44 

+  1-60 

-032 

-016 

+  012  +^005 

•968 

•923 

.^1^ 

W.  N.  W. 

-3-72 

-203 

+  0-80 

+  0-10 

-039 

-032 

-•034  -•034 

•926 

•961 

'0^^ 

N.W. 

-1-26 

-2-62 

-2-94 

-1-79 

-025 

-•026 

-  081 1- -067 

•989 

•968 

0S7 

N.  N.  W. 

—2-57 

-1-80 

-3-22; -3-28 

-•012 

-016 

-•086!— -088 

•989 

roo6 

_^12 

I  proceeded  in  a  similar  manner  with  the  observations  for  tb^ 
three  summer  months  and  the  results  are  shown  in  columti 
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fourth.     The  average  of  each  successive  three  numbers  in  this 
column  was  taken  and  the  results  are  shown  in  column  fifth. 

In  order  to  determine  the  influence  of  the  winds  on  the  moist- 
ure of  the  air  I  took  the  observations  of  the  force  of  vapor  (ex- 
pressed in  inches  of  mercury)  and  compared  each  observation 
with  the  mean  force  for  that  month,  ana  the  given  hour.     The 
results  for  the  three  winter  months  are  shown  in  column  sixth 
of  the  preceding  table,  and  the  averaged  numbers  are  shown  in 
column  seventh.     The  results  for  the  three  summer  months, 
obtained  in  like  manner,  are  shown  in  columns  eighth  and  ninth. 
In  order  to  determine  the  influence  of  the  wind  on  the  pres- 
sure of  the  air^  I  placed  each  observation  of  the  barometer  in 
the  column  having  the  observed  wind  at  the  top,  and  took  the 
averages  of  the  numbers  in  each  column.     The  result  for  the 
three  winter  months  (subtracting  29  inches)  are  shown  in  column 
tenth  and  the  averaged  numbers  in  column  eleventh.     Similar 
results  for  the  three  summer  months  are  shown  in  columns 
twelve  and  thirteen. 

On  comparing  the  numbers  in  this  table  we  see  that  in  win- 
ter at  Philadelpnia  the  lowest  temperature  occurs  with  a  wind 
from  the  N.W.,  and  in  summer  with  a  wind  from  a  point 
about  15°  west  of  north. 

Now  if  we  suppose  a  mass  of  air  to  be  transferred  from  a 
higher  latitude  to  a  lower,  we  should  expect  that  its  relative 
temperature  would  be  the  lowest  when  it  moved  in  a  direction 
perpendicular  to  the  isothermal  lines.  Observing  this  rule  we 
should  conclude  thatm  winter  the  coldest  wind  at  Philadelphia 
must  come  from  a  quarter  about  15°  west  of  north,  provided  it 
commenced  its  motion  from  anv  place  within  600  miles  from 
Philadelphia.  But  if  it  came  from  a  distance  of  over  1000 
miles  from  Philadelphia  then  the  coldest  wind  would  come 
from  a  point  30°  west  of  north.  But  the  coldest  wind  actually 
comes  from  a  point  45°  west  of  north  ;  that  is,  at  Philadelphia 
in  winter  the  coldest  wind  blows  from  a  point  15^  more  west- 
erly than  the  coldest  region  about  Philadelphia, 

In  summer,  if  we  extend  the  comparison  to  a  distance  of 
1000  miles  from  Philadelphia,  we  shall  find  the  coldest  region 
^  lie  in  a  N.E.  direction  ;  but  if  we  confine  ourselves  to  a  ra- 
dius not  exceeding  600  miles,  we  shall  find  nearly  the  same 
^Donerature  prevailing  in  all  directions  between  the  limits  of 
^•B.  and  N.  25°  W.  But  the  coldest  wind  is  observed  to 
Wow  from  a  point  N.  15°  W.,  which  lies  within  the  limits 
sWe  determined.  On  the  whole,  we  conclude  that  at  Phila- 
delphia the  coldest  wind  comes  very  nearly  from  the  coldest 
^ion  within  a  distance  of  from  500  to  1000  miles  from  Phil- 
adelphia, with  a  suspicion,  however,  that  the  former  is  a  lew  de- 
grees more  westerly  than  the  latter. 
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In  winter  the  warmest  wind  at  Philadelphia  is  found  to  blow 
from  a  direction  S.  40°  E.,  while  in  summer  it  blows  from  the 
S.W.  The  former  direction  takes  us  to  the  Gulf  Stream  at 
about  its  nearest  point,  and  at  a  distance  of  260  mile&  lo 
summer  the  warmest  region  within  400  or  600  miles  of  Phila- 
delphia lies  in  a  direction  S.  80°  W.,  while  the  warmest  wind 
blows  from  a  point  15°  more  westerly.  On  the  whole,  the  ob- 
servations indicate  that  both  the  warmest  and  coldest  winds  at 
Philadelphia  blow  pretty  nearly  from  the  regions  of  greatest 
heat  and  cold,  but  there  is  reason  to  suspect  that  these  direc- 
tions are  not  quite  coincident 

From  the  table  of  monthly  minima  of  temperature  at  New 
Haven  given  in  my  former  article,  (this  Jour.,  vol.  ix,  p.  7)  it 
will  be  seen  that  the  average  monthly  minimum  is  25  below 
the  mean  temperature  of  the  corresponding  month.  The  table 
last  given  shows  that  a  small  portion  of  this  effect  (viz.  6°)  may 
be  ascribed  to  the  influence  of  the  direction  of  the  wind,  but  there 
remains  unexplained  fourfifilis  of  the  whole  effect  which  is  to 
be  ascribed  to  the  influence  of  other  causes. 

The  preceding  table  shows  that  both  in  summer  and  winter 
the  force  of  vapor  at  Philadelphia  is  greatest  with  the  same 
wind  which  brings  the  highest  temperature ;  and  it  is  lowest 
with  the  wind  which  brings  the  lowest  temperature.  The  de- 
viations from  this  rule  are  so  small  as  to  render  it  probable  that 
the  discrepancies  would  entirely  disappear  in  the  means  of  a 
long  series  of  observations. 

Since  cold  air  has  a  greater  density  than  warm  air,  and  dry 
air  has  a  greater  density  than  vapor  of  water,  it  might  be  ex- 
pected that  the  wind  which  brings  the  lowest  temperature  and 
the  least  vapor,  would  bring  the  highest  pressura  We  see. 
however,  from  the  preceding  table  that  such  is  not  the  case.  In 
winter  the  highest  pressure  comes  with  a  wind  from  the  N.R, 
or  perhaps  K  55°  B. ;  while  in  summer  the  highest  pressure 
comes  with  an  east  wind,  which  directions  are  distant  more 
thaa  90°  from  the  coldest  quarter  of  the  horizon.  So,  also,  in 
winter,  the  lowest  pressure  comes  with  a  S.W.  wind,  and  in 
summer  with  a  west  wind,  both  of  which  directions  are  quite 
distant  from  the  warmest  quarter  of  the  horizon.  It  seems 
probable  that  the  excess  of  pressure  which  accompanies  an  east- 
erly or  N.E,  wind  is  but  the  result  of  the  high  barometer 
which  usually  precedes  a  N.E.  storm. 

Diurnal  inequaliti/  in  the  rain-fall. 

In  my  former  article  (this  Jour.,  vol.  x,  p.  3)  I  noticed  a  di- 
urnal inequality  in  the  progress  of  storms  and  was  hence  led 
to  infer  that  there  must  be  a  diurnal  inequality  in  the  fall  of 
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rain.  In  searching  for  observatioDs  to  test  this  coDclasion,  I 
found  a  decided  diurnal  inequality  in  the  rain-fall  at  Philadel- 
phia showing  a  maximum  aoout  6  P.  M.  and  a  minimum  at  8 
A-  M.  The  observations  made  by  the  United  States  Si^al  Ser- 
vice did  not  show  any  decided  diurnal  inequality,  owing,  per- 
haps, to  their  including  only  three  daily  observations.  In  a 
series  of  hourly  observations  made  at  seven  stations  in  Great 
Britain  I  found  evidence  of  two  daily  maxima  and  two  daily 
minima. 

Since  the  publication  of  my  former  article  I  have  found  in 
Kreil's  Klimatologie  von  Bdhmen  the  results  of  ten  years'  obser- 
vations at  Prag,  lat  60°  5',  which  show  a  decided  diurnal  in- 
equality, having  a  maximum  about  4  p.  M.  and  a  minimum 
about  7  A.  M.,  with  a  second  maximum  which  is  less  distinctly 
marked.  The  following  table  shows  the  average  annual 
rain-fall  at  Prag  as  deduced  from  observations  from  1850  to 
1859  expressed  in  Paris  lines : 

JRamfaU  <U  Prag^  Austria. 


Hour. 

Baln-faU. 

Hoar. 

BaiD-fkOl. 

Midnight 

6-864 

Noon. 

7-063 

1  A.  X. 

6-607 

IP.IL 

8-901 

2 

5-986 

2 

8-837 

3 

6-514 

3 

10-207 

4 

6-313 

4 

10-778 

6 

6-771 

5 

10-845 

6 

5-637 

6 

8-835 

7 

5049 

7 

8-211 

8 

6-949 

8 

6-927 

9 

5-722 

9 

6-374 

10 

5-798 

10 

6-953 

11 

6-072 

11 

6-542 

These  numbers  follow  a  law  bearing  a  close  resemblance  to 
that  of  the  Philadelphia  observations,  and  lead  us  to  presume 
that  a  similar  law  must  prevail  in  the  fall  of  rain  over  a  con- 
siderable portion  of  the  United  Statea 

I  have  received  the  hourly  observations  of  rain-fall  at  seven 
stations  of  Great  Britain  complete  for  the  year  1874.  At  most 
of  the  stations  there  are  evidently  two  periods  of  maximum 
rain-fall,  but  the  time  of  maximum  appears  to  depend  very 
much  upon  local  circumstancea 

Comparison  of  storm  paths  in  America  and  Europe. 

In  comparing  the  tracks  followed  by  storms  in  America  and 
Europe  I  have  depended  chiefly  upon  the  following  materials  : 

1.  The  daily  United  States  Signal  Service  maps  from  1871 
to  1875,  and  especially  the  monthly  maps  showing  the  tracks 
of  storm  centers. 
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2.  Atlas  des  mouvements  generaux  de  ratmosphere,  redig^ 
par  I'observatoire  Imperial  de  Paris,  embracing  18  months, 
from  June,  1864,  to  Dec.  1865. 

8.  Cartes  synoptiques  journalieres  construites  pir  N.  Ho£f* 
meyer,  Copenhagen,  embracing  9  months,  from  Dec.  1873  to 
Aug.  1874. 

In  order  to  determine  what  may  be  called  the  average  track 
of  storm  centers  in  the  United  States,  I  ruled  a  large  sheet  of 
paper  with  several  vertical  columns  headed  122°,  117^  107®, 
etc.,  these  numbers  denoting  degrees  of  longitude  from  Green- 
wich. I  then  took  one  of  the  monthly  maps  showing  the  tracks 
of  storm  centers,  and  following  each  of  the  tracks  in  succession 
determined  in  what  latitude  it  crossed  the  meridians  indicated 
at  the  top  of  the  table,  and  the  results  were  set  down  in  the  ap- 
propriate column.  I  proceeded  in  the  same  manner  with  each 
of  the  monthly  maps  and  then  took  the  average  of  all  the 
numbers  in  each  column.  The  results  are  shown  in  the  first 
two  columns  of  the  following  table ;  where  column  first  shows 
the  meridians  of  longitude  from  Greenwich,  and  column  sec- 
ond shows  the  average  latitude  in  which  each  of  these  raeridiaDS 
is  intersected  by  the  storm  paths.  The  curve  thus  determined 
is  traced  on  the  accompanying  chart  and  passes  over  the  center 
of  Lake  Erie.  It  will  be  seen  that  the  average  direction  of 
storm  paths  is  not  the  same  on  all  meridians.  The  directions 
given  in  my  former  article  (see  this  Jour.,  vol.  x,  p.  I)  must  be 
understood  to  be  the  average  direction  of  storm  paths  for  the 
region  covered  by  the  United  States  observations ;  and  this 
represents  pretty  nearly  the  mean  direction  for  a  place  whose  lat- 
itude is  42^°  and  longitude  83^*^  W.,  which  is  nearly  the  posi- 
tion of  Detroit,  Michigan. 

Average  direction  of  Mtomvpaths. 


U.  B.  Weather  Mapt. 

Parte  Mapa. 

DantehMapa. 

Mean  of  Par 

.  andDaa. 

Lonff.  trom 

Loogltiide 
flromParlB. 

Latt- 

Longltade 

Latl. 

Longitude 

Qreenwrh. 

Latitude 

tnde. 

flrom  Parte. 

tnde. 
63-7' 

f^om  Parte. 

Latltade. 

122'  W. 

45-8" 

S0'»-46*  W. 

462** 

60'*-60°W. 

66"  W. 

60-0' 

117 

46-9 

46  -30 

46-5. 

50  -40 

69-6 

45 

62-9 

107 

447 

30  -15 

47-6 

40  -30 

61-8 

36 

64-2 

97 

42-2 

16-0 

630 

30  -20 

62-6 

25 

64-9 

87 

42*5 

0  -16  K. 

54-5 

20  -10 

61-5 

16 

66*6 

77 

42-6 

16  —30 

66-9 

10-0 

631 

5  W. 

58-3 

67 

46*2 

30  -45 

514 

0  -10  E. 

58-9 

5  K 

56-7 

62 

46-9 

10  -20 

57-8 

15 

56-9 

20  -30 

61-6 

25 

590 

30  —40 

61-2 

36 

66-8 

40  -50 

58-5 

45 

650 

60  -60  E. 

55-3 

66  E. 

53-3 

I  proceeded  in  a  somewhat  similar  manner  with  the  Paris 
maps,  but  since  these  maps  do  not  generally  exhibit  lines 
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drawn  so  as  to  show  the  tracks  of  storms  from  day  to  day,  I 
placed  in  one  column  the  latitudes  of  all  the  storm  centers 
oetween  the  meridians  of  60^  and  45°  W.  from  Paris  ;  in  a  sec- 
ond column  I  placed  those  between  the  meridians  of  46°  and 
80°  W.,  and  so  on  for  each  15°  of  longitude.     I  then  took  the 
average  of  all  the  latitudes  in  each  of  the  columns.     The  result 
is  shown  in  columns  third  and  fourth  of  the  preceding  table, 
and  the  path  thus  determined  is  traced  on  the  accompanying 
chart     This  path  passes  over  Dublin,  and  will  be  seen  to  lorm 
a  natural  continuation  of  the  track  deduced  from  the  Ameri- 
can observations.    This  result  is  doubtless  accidental  and  is  due 
to  the  fact  that  near  the  American  coast  the  observations  from 
which  the  Paris  maps  were  constructed  were  derived  from  a  re- 
gion extending  but  little  north  of  the  stations  of  the  United 
States  Signal  Service.     If  the  Paris  maps  had  included  obser- 
vations from  Labrador  and  Greenland  the  average  track  of  the 
storms  represented  would  have  been  more  northerly  than  it 
now  is. 

I  proceeded  in  a  similar  manner  with  HoflFmeyer^s  charts  ex- 
cept that  the  meridians  were  selected  at  intervals  of  10°,  and 
the  results  are  shown  in  columns  fifth  and  sixth.  The  path 
thos  determined  lies  several  degrees  north  of  that  previousljr 
determined,  and  this  arises  from  the  fact  that  the  maps  exhibit 
the  results  of  observations  made  in  Greenland  and  Iceland  as 
well  as  from  more  southern  latitudes.  In  order  to  deduce  an 
average  result  from  the  French  and  Danish  maps  I  have  com- 
bined them  in  a  single  series,  and  the  result  is  shown  in  col- 
umns seventh  and  eighth  of  the  preceding  table.  The  path 
thus  determined  is  traced  on  the  accompanying  chart  and 
passes  through  the  northern  extremity  of  Scotland. 

In  order  to  show  the  connection  between  storm  paths  and  the 
mean  height  of  the  barometer,  I  have  drawn  upon  the  same 
chart  two  other  barometric  lines.  The  mean  height  of  the  ba- 
rometer at  the  level  of  the  sea  varies  with  the  latitude  of  the 
place.  On  the  Atlantic  ocean  at  the  equator  the  mean  height 
of  the  barometer  is  about  thirty  inches.  If  from  this  point  we 
travel  northward  the  pressure  increases,  and  in  latitude  30°  be- 
comes about  30*2  inches.  Thence  the  pressure  diminishes  to 
296  inches  near  latitude  70°,  from  which  point  the  pressure 
slightly  increases  as  we  advance  northward.  A  somewhat  sim- 
ilar result  takes  place  in  going  from  the  equator  to  the  North 
Pole  upon  any  meridian,  but  the  maximum  pressure  is  not  the 
same  under  all  meridians,  and  the  same  is  true  of  the  minimum 
pressure.  The  undulating  line  near  the  bottom  of  the  accom- 
panying chart  shows  the  line  of  the  greatest  mean  pressure 
varying  on  diflFerent  meridians  from  about  30  inches  to 
30'2  inches.     The  undulating  line  near  the  top  of  the  chart 
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shows  the  line  of  the  least  mean  pressure,  being  about  29*6 
inches  on  the  meridian  of  Greenwich  and  increasing  somewhat 
as  we  proceed  either  east  or  west  from  that  meridian.  These 
lines  are  drawn  chiefly  from  data  collected  by  Alexander  Ba- 
chan.     (See  Edinburgh  Phil.  Trans ,  vol.  xxv.) 

We  perceive  then  that  at  all  places  near  the  soutbem 
margin  of  the  chart  the  mean  pressure  of  the  atmosphere  is 
greater  than  it  is  further  northward,  and  this  is  generally  suf- 
ncient  to  cause  an  average  surface  wind  from  south  to  north 
although  the  wind  advances  from  a  warmer  to  a  colder  r^on. 
On  the  other  hand,  at  places  near  the  northern  margin  of  the 
chart  the  mean  pressure  of  the  atmosphere  is  somewhat  greater 
than  it  is  further  south,  and  this  force  combined  with  a  lower 
mean  temperature  causes  a  surface  wind  from  north  to  south. 
Here  then  are  permanent  causes  producing  winds  from  opposite 
directions  near  the  upper  and  lower  portions  of  the  chart,  and 
these  must  be  a  permanent  source  of  storms  independent  of 
those  inequalities  of  pressure  which  arise  from  causes  of  a 
more  local  nature. 

The  average  path  of  storms  in  their  progress  from  America 
to  Europe  is  apparently  modified  by  the  line  of  greatest  mean 
pressure.  This  line  has  a  more  northerly  position  in  Europe 
than  it  lias  in  America,  and  this  may  be  the  reason  why  storm 
tracks  generally  bend  northward  in  advancing  from  America*to 
Europe.  There  are  some  minor  particulars  in  which  storm 
paths  are  apparently  modified  by  the  line  of  greatest  mean 
pressure ;  but  instead  of  attaching  importance  to  coincidences 
which  may  prove  to  be  accidental,  it  is  more  prudent  to  wait 
and  see  if  these  peculiarities  are  confirmed  by  further  obser- 
vations. 

Oscillations  of  the  barometer  in  different  kuitudes. 

For  the  purpose  of  determining  in  what  region  of  the  globe 
the  oscillations  of  the  barometer  are  the  greatest,  I  have  pre- 

Eared  a  table  showing  the  mean  monthly  oscillation  of  the 
arometer  at  as  many  stations  as  possible  in  high  northern  lati- 
tudes. A  few  of  the  numbers  in  the  following  table  are  de- 
rived from  Kaemtz  Meteorology,  edited  by  C.  V.  Walker,  p.  297. 
The  other  numbers  have  been  collected  by  myself  from  various 
sources  which  are  indicated  in  the  last  column,  and  some  of  the 
results  have  required  a  careful  discussion  of  many  years*  obser- 
vations. Column  fourth  shows  the  average  monthly  range  of 
the  barometer  for  the  three  winter  months,  and  column  fifth 
shows  the  same  for  the  three  summer  months  expressed  in 
English  inches 

As  some  of  these  numbers  depend  upon  observations  of  only 
one  year,  and  therefore  do  not  represent  mean  values  very  ac- 


United  States  Weather  Maps  and  other  sources. 


11 


cnrately,  I  have  endeavored  to  combine  them  so  as  to  obtain  a 
few  normal  values.  I  combined  all  the  observations  north  of 
latitude  70®  in  one  general  average,  and  all  the  observations 
between  latitudes  60  and  70*^  in  a  second  average.  I  then  di- 
vided the  observations  of  Kaemtz  (Met,  p.  298)  into  similar 
groups,  each  embracing  ten  degrees  of  latitude,  viz.,  60° — 50°  ; 
50°-— 40°,  etc.,  and  thus  obtained  the  normal  values  shown  in 
the  table  at  the  bottom  of  this  page. 

Mean  monthly  oscilkUian  of  the  barometer  for  winter  and  summer. 
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Parry'8  first  voyage. 

Oollectanea  Met,  5  years  obe. 

Met.  lag.  i  Norge,  2  years  obs. 

Ross  2d  Arctic  Expedition,  2|  yean. 

Br.  Ass.  Rep.,  1848-50,  3  years. 

Gaimard  Met.,  v.  2,  p.  451,  3  years. 

Met.  lag.  i  Norge,  1  year  obs. 

Collectanea  Met,  10  years  obs. 

Met.  lag.  i  Norge,  2  years  obs. 

Athabasca  obs.,  p.  355,  7  months. 

Kaemtz  Met,  p.  298. 

Met  lakttagelser,  1 859-69. 

Collectanea  Met,  3  years  obs. 

Obaervationes  Met.,  15  years  obs. 

Kaemtz  Met.  p.  298. 

Met.  lagttagelser  i  Norge,  9  years  obs. 

Met  lakttagelser,  1859-69. 

Met.  lag.  i  Norge,  9  years  obs. 

Met  lag.  i  Norge,  6  years  obs. 

Kaemtz  Met.,  p.  298. 

Met  lakttagelser,  1859-G9. 

Kaemtz  Met.  p.  298. 

Kaemtz  Met,  p.  298  &  Met  lag.  i  Norge. 


Monthly  oscillation  of  the  barometer  {normal  values). 
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The  winter  oscillations  ap  to  lat  65°  are  pretty  well  repr 
sen  ted  by  tbe  formula : 

W=  1-890  3iii»i  +  0104cos«i, 
aod  the  eummer  oacillalioos  by  the  forcnala : 

S=  1-O008in»/  +  O.104co3»t 

The  differeaces  between  the  observed  and  compated  values  a 
shown  in  columns  fifth  and  seventh  in  the  above  table.  These  i 
suits  indicate  a  steady  increase  in  the  mean  monthly  o8cilIati( 
up  to  about  lat.  65°,  and  from  that  point  the  oscillation  dimi 
iaoes  as  we  proceed  northward.  The  term  0'104  cos*/ represen 
approximately  the  diurnal  oscillation  of  the  barometer,  and  tl 

Stortm  on  the  Atlantic  Ocean  hy  Maury^a  Oharts. 
80°  75°  T0°  6S°  eO°  56°    50°  «<>   W  SS"  S0«  36o  20"  IS"   lO"  S^W, 


60"- 

i 

lO'J    133 
38      55 
37      38 

117|     ™    30 
37      is]     10 

111 

510 
140 
37 

0» 
169 

850   933 
15(1    117 
19      12 

iBfio'iana'  sa 

15B    133:     48 
I3|     10       8 

jy 

■^s 

,6.7 

1313   920    313 

,. 

!1 

10 

la 

17 

« 

10 

15 

11      U 

itiU':j24U|2M4'-.»Te 

^419 

M«t 

\f/n 

ma 

7M- 

3Wl 

360    168 

138      67,      0 

m 

u 

10 

10 

15 

15 

11 

» 

15 

18 

u 

1193 '2974 

17B7 

ims 

inn 

T7H 

4H0,  349 

Mfl 

341 

?*« 

30? 

S40   334    2£ 

wn\  47! 

35 

i 

U     16 

la 

10 

B 

H 

10 

■i 

8 

3;    a!    « 

WM 

£!l»,1545 

Tfifi 

7»t 

HfiO 

HHfi 

«»R 

74- 

aw 

175 

liW 

*W 

77I     si 

la' 

(W 

7f 

71 

ft 

* 

:«; 

r 

0!    0 

SO 

lU 

e 

10 

« 

I" 

» 

* 

0       0| 

IHt 

tm 

I1B7 

(MS 

aw 

35     5(M 

7S8 

BftS 

(W, 

flow 

153 

H7 

«1 
i 

yu 

57 
5 

17 
3 

17 

r. 

0 
0 

6 
7 

llfl 

■m 

■m 

f)5( 

(«7 

ft«17 

are 

453 

WW 

fw 

3:w 

136 

15 

4 

! 

' 

H 

1 

1 

IB 

fl 

a. 

0 
0 

0 
0 

LM3 

330 

■! 

153 

n 

IBS 

4S1 

541 

303 

in 

44 

1 

83 

150 
0 

6 

n 

IS 

■i 

U 

1 

a 

0 

0 

05|       0 

w 

5. 

Bfl 

W! 

50«  4I5I  66 

Kt. 

633 

Stan 

■ 

1 

1 

1 

10 

0 

U 

1 

0 

(ij      1 

0 

Cl 

W< 

0 

7161     80     7 

i 

1 

1 

u 

u 

0       0       0       0|      0 

■    0       0 

0 

IK 

42]    613  1004130041363 
0       0|       Ol       31       0 

335    107    363    23 

0       0,       11 

n 

0 

0      0|      o|      0|      0 

0       Oi       Ol 

United  States  Weather  Maps  and  other  sources,  18 

er  term  of  the  formulas  varies  as  the  square  of  the  sine  of 
;  latitude,  and  this  law  of  increase  holds  pretty  closely  up  to 
3ut  latitude  65**.  That  part  of  the  barometric  oscillation 
)resented  by  the  first  term  of  the  formula  is  the  efiect  of 
)rms,  and  the  oscillation  diminishes  within  the  Arctic  circle. 
These  results  seem  to  indicate  that  in  the  Northern  Hemis- 
lere,  storms  increase  in  frequency  as  we  proceed  northwaixi  as 
r  as  latitude  60°  and  perhaps  somewhat  farther.  The  same 
suit  is  shown  by  Maury*s  storm  chart  of  the  North  iLtlantic. 
he  preceding  table  presents  a  summary  of  the  results  of  this 
lart  The  ocean  is  divided  into  squares  by  parallels  of  lati- 
ide  drawn  at  intervals  of  five  degrees  from  each  other,  and 
leridians  of  longitude  at  intervals  of  five  degrees  Each 
^aare  of  the  preceding  table  contains  three  numbers.  The  first 
Qows  the  number  of  observations  within  the  given  square, 
ach  observation  representing  a  period  of  eight  hours.  The 
eoond  shows  the  number  of  gales  reported,  and  the  third  is 
he  average  number  of  gales  occurring  in  a  hundred  observa- 
.ions.  Thus  in  the  square  included  between  the  parallels  of 
Vf  and  45°  of  north  latitude,  and  between  the  meridians  of 
i5°and  50°  west  longitude  from  Greenwich,  the  first  number 
is  1863,  which  shows  the  number  of  observations  obtained  in 
that  square.  The  second  number  is  280,  which  denotes  the 
number  of  eales  reported;  the  third  number  is  15,  which  de- 
notes that  the  number  of  gales  was  15  per  cent  of  the  whole 
number  of  observationa  An  inspection  of  this  table  will 
show  that  on  each  meridian  the  frequency  of  gales  increases 
with  the  latitude  up  to  the  highest  latitude  from  which  obser- 
vations are  reported. 

Storms  traced  across  the  Atlantic  Ocean. 

When  storms  from  the  American  continent  enter  upon  the 
Atlantic  Ocean  thej^  generally  undergo  important  changes  in  a 
few  (lays  and  are  frequently  merged  in  other  storms  which  ap- 
pear to  originate  over  the  ocean,  so  that  we  can  seldom  identify 
a  storm  in  its  course  entirely  across  the  Atlantic.  The  follow- 
ing are  the  only  cases  I  have  found  on  the  French  and  Danish 
charts  (embracing  a  period  of  27  months)  in  which  storms  can 
be  pretty  distinctlv  traced  across  the  Atlantic. 

1.  Nov.  30 — t)ec.  11,   1864.     A  storm  traced  from  New- 
foundland to  Ireland. 

2.  April  20 — May  3,  1865,  traced  from  Labrador  to  Ireland. 

3.  May  26 — 29,  1865,  from  Gulf  St.  Lawrence  to  Ireland. 

4.  Oct.  2—10,  1865,  from  Cape  Cod  to  Ireland. 

5.  Oct.  11  —  17,  1865,  from  Newfoundland  to  Ireland. 

6.  March  1 — 5,  1874,  from  Hudson  Bay  to  North  Cape. 

7.  April  14 — 17,  1874,  from  Hudson  Bay  to  Norway. 
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8.  April  16—28,  1874,  from  Gulf  St.  Lawrence  to  Norway. 

9.  May  23—30,  1874,  from  Gulf  St  Lawrence  to  Norway. 
10.  Aug.   1 — 4,  1874,  from  Gulf  of  St  Lawrence  to  North 

Cape. 

11    Aug.  12—17,  1874,  from  Hudson  Bay  to  Norway. 

If  the  observations  each  day  were  sufficiently  numerous  to 
show  the  isobaric  curves  for  every  part  of  the  Atlantic  Ocean, 
doubtless  many  more  storms  might  be  traced  from  America  to 
Europe,  but  it  is  presumed  that  such  cases  do  not  occur  on  an 
average  more  than  once  or  twice  a  month.  The  storms  of  En- 
rope  generally  have  their  origin  considerably  east  of  the  Amer 
ican  Continent  and  soon  become  so  violent  as  to  draw  within 
their  influence  any  small  barometric  depression  which  started 
from  America. 

Velocity  of  Ocean  Storms. 

The  average  velocity  of  storms  upon  the  Atlantic  Ocean  18 
deduced  from  134  cases  on  the  French  maps  is  19*8  miles  per 
hour ;  the  velocity  deduced  from  49  cases  on  the  Danish  maps 
is  20*3  miles  per  hour;  giving  an  average  of  19*6  miles  per 
hour  from  both  series  o^  maps.  The  average  velocity  for  the 
storms  of  the  United  States  as  deduced  .from  485  cases  i&ti 
miles  per  hour.  From  a  considerable  number  of  cases  in  Eu- 
rope, Prof.  Mohn  has  deduced  an  average  velocity  of  26  7  miles 
per  hour.  These  numbers  indicate  that  storms  travel  with  less 
velocity  over  the  Atlantic  Ocean  than  they  do  over  the  Conti- 
nents of  America  and  Europe ;  and  it  seems  to  follow  that  the 
progressive  movement  of  a  storm  is  not  the  result  of  a  simfk 
drifting  of  the  atmosphere ;  for  it  seems  probable  that  the  aver 
age  progress  of  the  atmosphere  in  an  easterly  direction  is  as  rapid 
over  the  Atlantic  Ocean  as  it  is  over  North  America. 

Storms  of  Jan,  29 — Feb.  8,  1870,  on  the  Atlantic  Ocean. 

A  succession  of  storms  of  unusual  severity  passed  over  the 
Atlantic,  between  Jan.  29  and  Feb.  8,  1870,  an  account  of 
which  has  been  published  by  Capt  Henry  Toynbee,  of  the 
London  Meteorological  office.  On  the  30th  of  January  an  area 
of  low  barometer  prevailed  near  Nova  Scotia ;  on  the  Slst  it 
was  east  of  Newfoundland  ;  and  on  the  1st  of  February  it  was 
merged  in  another  storm  which  had  prevailed  for  several  days 
on  its  eastern  side.  On  the  2d  of  February  a  second  storm  cen- 
ter appeared  near  Newfoundland  ;  on  the  8rd  it  had  advanced 
east  about  700  miles;  and  on  the  4th  it  became  merged  in 
another  storm  off  the  Irish  coast. 

On  the  morning  of  the  5th  a  third  storm  appeared  near  the 
center  of  the  Atlantic,  which  must  have  developed  with  unu- 
sual rapidity,  since  on  the  preceding  day,  observations  had  in- 
dicated no  great  atmospheric  disturbance  in  that  neighborhood. 
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The  isobar  of  29  inches  is  shown  od  the  accompanying  chart 
On  the  afternoon  of  the  same  day,  this  storm  blended  with 
another  storm  on  its  eastern  side,  and  there  resulted  one  of  the 
most  violent  hurricanes  ever  experienced  on  the  Atlantic 
Ocean.  At  6  P.  M.  the  barometer  fell  to  27*88  inches,  which 
Capt  Toynbee  pronounces  the  lowest  ever  observed  on  this 
part  of  the  Atlantic.  The  accompanying  chart  represents  the 
isobar  of  29  inches  on  the  morning  of  the  6th,  when  the  diam- 
eter of  this  curve  was  over  1000  miles,  and  the  diameter  of  the 
isobar  of  80  inches  was  over  2000  miles.  During  the  next  two 
days  the  storm  advanced  slowly  towards  the  southeast,  and  its 
severity  was  much  diminished.  The  accompanying  chart  shows 
the  isobar  29*5  inches  on  the  morning  oi  Feb.  8th.  During 
this  interval  of  three  days  the  center  of  the  storm  had  moved 
only  about  900  miles,  showing  an  average  velocity  of  about 
12  miles  per  hour. 

Application  of  FerrePs  formtUa, 

In  vol.  viii  of  this  Journal,  p.  848,  Prof.  Ferrel  has  given  a 
formula  which  enables  us  to  compute  the  depression  of  the 
harometer  resulting  from  a  violent  storm.  If  we  divide  the 
denominator  of  this  formula  by  the  number  of  inches  in  a  mile, 
and  suppose  the  wind  to  move  in  a  circle,  the  formula  becomes 

^  _    V  sin/    ,       r* 


250  131r ' 

where  G  is  expressed  in  inches,  but  v  and  r  are  expressed  in 
miles.     I  have  applied  this  formula  to  the  storm  of  Feb.  5th, 
1870,  and  the  results  are  shown  in  the  following  table.     Col- 
umn first  shows  the  isobars  which  have  been  selected  as  the 
basis  of  comparison  ;  column  second  shows  the  radius  of  each 
isobar  as  nearlv  as  can  be  determined  from  the  observations  of 
Capt  Tovnbee's  memoir ;  and  column  third  shows  the  velocity 
(rf  the  wind  in  miles  on  each  of  these  isobars.    These  velocities 
were  obtained  by  taking  the  mean  of  the  various  observations 
corresponding  to  the  barometric  heights  given  in  column  first. 
These  velocities  were  recorded  in  the  numbers  of  Beaufort's 
scale  (0-12)  and  were  reduced  to  miles  by  the  table  in  Scott's 
Met  Instruments,  p.  58.     Column  fourth  shows  the  gradient  to 
100  miles  computed  by  the  above  formula,  for  points  midway 
between  the  several  isobars  selected.     If  this  gradient  be  sup- 
posed to  be  maintained  for  a  distance  equal  to  the  distance  be- 
tween the  isobars,  it  will  show  a  change  of  barometric  pressure 
about  the  same  as  that  actually  observed.     For  the  inner  circle, 
the  computed  gradient  will  represent  the  observed  depression 
of  the  barometer  if  we  suppose  that  near  the  center  of  the 
storm  there  was  a  considerable  mass  of  air  revolving  with  a 
diminished  velocity. 
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Ex.  \.— Storm  of  lib.  by  1870,  Atlantic  Ocean,  lot.  51"*  3'  I 
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I  have  made  a  similar  application  of  the  formula  to  two 
lent  cyclones  of  recent  occurrence  on  the  coast  of  the  Un 
States,  and  the  results  are  shown  below.  In  the  Punta  Ei 
cjclone  the  a&sumed  velocities  90  and  70  miles  agree  pn 
well  with  the  velocities  actually  observed;  the  velocities 
and  35  miles  are  somewhat  greater  than  the  observations  at 
surface  of  the  earth,  but  may  be  presumed  to  have  been 
velocities  at  a  little  elevation  above  the  earth's  surfaca  ' 
velocities  assumed  for  the  Indianola  cyclone  are  the  veloci 
actuallv  observed  or  estimated  at  Indianola. 

Ex.  2.— Storm  of  Oct  6,  1873,  Punta  Rassa,  lot.  27®  0'. 


Barometer. 


28-40 
2900 
29-60 
3000 


BsdlQS  of 


0 

50 

200 

650 


Velocity. 


90 
70 
50 
35 


Qradient  to 
100  miles. 


2-10 
-33 
•11 


Ex.  3.— Storm  of  Sq>t.  16,  1876,  Indianola,  lot.  28*31'. 


BttTometer. 

BadioB  of 
Isobar. 

Velocity. 

Gradient  to 
lOOmilee. 

2890 
29-50 
30.00 

0 
100 
500 

90 
60 
35 

100 
•15 

The  following  is  an  example  of  a  great  inland  storm  of  ui 
sual  severity.     Column  third  shows  the  greatest  velocity  of 
wind  observed  at  anv  station  near  the  corresponding  isobars 
column  first,  and  column  fourth  shows  the  velocity  assumed 
computing  the  gradients  in  column  fifth. 

Ex.  4. — Storm  of  Nov,  18, 1873,  New  Midland,  lot.  41** 


Barometer 

Radios  of  Iso- 
bar.   MUes. 

Velocity  of  wind. 

Gradient  to 

inches. 

Obseryed. 

Assmned. 

100  miles. 

28-60 
29-00 
29-50 
30-00 

100 

300 

700 

1200 

50 
57 
27 
28 

56 
48 
40 
30 

•24 
•15 
•10 
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Stationary  Storms. 

"hen  a  storm  center  has  crossed  the  United  States  and 
ed  to  Nova  Scotia  or  Newfoundland,  we  often  find  on  the 
ed  States  Weather  Maps  for  two  or  three  subsequent  days 
vord  low  on  the  northeast  corner  of  the  maps,  seeming  to 
ate  that  the  center  of  the  storm  remained  during  that  pe- 
nearly  stationary.  The  Danish  maps  (from  Dec.,  1873,  to 
,  1874,)  show  us  that  storms  do  sometimes  remain  nearly 
mary  for  several  days. 

se  L  From  the  5th  to  the  8th  of  March,  1874,  a  violent 
1  moved  from  New  Mexico  to  the  St  Lawrence  valley. 
tie  9th  the  center  of  this  storm  was  a  little  north  of  Hali- 
on  the  10th  it  was  still  near  the  same  place  ;  on  the  11th 
i  moved  northeast  nearly  400  miles ;  on  the  12th  it  had 
3d  south  about  200  miles ;  on  the  13th  it  had  moved  north 
t  200  miles ;  on  the  14th  it  had  moved  south  about  200 
J :  and  on  the  15th  it  moved  northeast  about  700  miles. 
i  during  five  days  (March  9-14)  the  center  of  the  storm 
advanced  less  than  350  miles,  being  an  average  motion  of 
than  three  miles  an  hour,  and  during  the  first  four  days 
)arometric  depression  was  greater  than  it  was  on  the  8th. 
ise  XL  From  April  26th  to  30th,  1874.  a  storm  moved 
3s  the  United  States  from  Colorado  to  the  St  Lawrence 
?T.  During  the  next  day  (May  1st)  the  storm  was  station- 
on  the  2d  it  moved  a  little  to  the  southeast ;  on  the  3d  it 
e<l  fi  little  to  the  east ;  and  on  the  4th  it  reached  St.  Johns, 
•foiindland.  Thus  in  four  days  the  center  moved  775  miles, 
g  an  average  rate  of  about  eight  miles  an  hour ;  and 
nir  the  firet  half  of  this  time  the  average  movement 
:ely  exceeded  four  miles  an  hour. 

1  preparinor  the  materials  for  this  article,  I  have  been  as- 
d  bv  Mr.  Edward  S.  Cowles,  a  graduate  of  Yale  College  of 
q\2l^s  of  1873. 


r.  II  — Studies  on  Magnetic  Distinbution ;  by  Henry  A. 
lowLAND,  of  the  Johns  Hopkins  University,  Baltimore. 

(Continued  from  page  468  of  the  last  volume.) 

V. 

uET  US  now  consider  the  case  of  that  portion  of  the  bar  which 
-overed  by  the  helix.  First  of  all,  when  the  helix  is  symmet- 
allv  placed  on  the  rod,  equations  (5)  and  (6)  will  apply. 
-  Q"f  is  the  quantity  whicn  is  usually  taken  to  represent 

^^.JouR.Sci.— Third  Series,  Vol.  XI,  No.  61.— Jan.,  1876. 
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the  distribution  of  magnetism,  being  nearly  proportional  to  th© 
"  surface-density''  of  magnetism,  I  shall  principally  discuss  iL 

In  the  first  place,  then,  this  equation  shows  that  the  distribu- 
tion of  magnetism  in  a  very  elongated  electro-magnet,  anl 
indeed  of  a  steel  magnet,  does  not  change  when  pieces  of  soft 
iron  bars  of  the  same  diameter  as  the  magnet  are  placed  against 
the  poles,  provided  thai  equal  pieces  are  applied  to  both  endzz 
otherwise  there  is  a  change.  This  result  would  be  modified  by 
taking  into  account  the  variation  of  the  permeability,  &c. 

Let  us  first  consider  the  case  where  the  rod  projects  out  of 
the  end  of  the  helix,  as  in  Tables  V,  VI  and  "VlL  By  giving 
proper  values  to  the  constants  we  obtain  the  results  given  in 
the  last  columns  of  the  table.  The  agreement  with  observa- 
tion is  in  most  cases  very  perfect.  We  also  see  the  same 
variation  of  r  that  we  before  noticed  in  the  rest  of  the  curves, 
and  we  see  that  it  is  in  just  the  direction  theory  would  indicate 
from  the  change  of  /i. 

In  these  tables  we  come  to  a  very  important  subject,  and 
one  to  which  I  called  attention  some  years  back,  namely,  the 
change  m  Uie  distribution  when  the  magnetizing-force  varies,  and 
which  is  due  to  change  of  permeability.  The  following  tables 
and  figures  show  this  extremely  well,  and  are  from  very  long 
rods  with  a  helix  a  foot  long  at  their  center,  as  in  the  last 
three  tables.  The  bar  in  both  these  tables  was  '19  inch  in 
diameter  and  5  feet  long.  The  zero-point  was  at  the  center  of 
the  bar  and  of  the  helix.     The  tables  give  values  of  Q'^  for 

the  magnetizing-forces  which  appear  at  the  head  of  each  col^ 
umn,  and  which  are  the  tangents  of  the  angles  of  deflection 
of  the  needles  of  a  tangent-galvanometer.  Table  VIIL  only 
gives  the  part  covered  by  the  helix.  Both  tables  are  from  the 
mean  of  both  ends  of  the  bar. 

Table  Vm. 


SB. 

Strength  of  magnetizmg  current 

•108. 

•194. 

•378. 

•600. 

0 

1 

2 
3 
4 
5 
6 

I  2-7 

32 

•7 
•9 

•6 
•6 

)  2-4 

2-7 

•9 

•8 

3-3 

3-9 

1-7 

•8 

4-0 

60 

40 

3*2 

6-7 

8-7 

9-3 

14-7 

These  experiments  show  in  the  most  positive  manner  the 
efi*ect  we  are  considering,  and  we  are  impressed  by  them  with 
the  great  complication  introduced  into  magnetic  distribution 
by  the  variable  character  of  magnetic  permeability. 
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Tabu  IX. 


X. 

C. 
•267. 

B. 
•363. 

A. 
1-303. 

0. 

1 

2 

3 

4» 

5 

6 

7 

8 
10 
12 
15 
18 
30 

2-6 

7-2 

61 
7-7 
7-9 
6-6 
100 
6-2 
60 
20 
20 

31 

4-1 

6-9 

8-2 

10-9 

11-6 

90 

16-0 

10-9 

9-8 

4-7 

3*6 

11 

1-3 

21 

4-0 

9-6 

18-6 

21-3 

16-8 

27-4 

20-9 

21-6 

14-8 

16-6 

y.  3  I  have  represented  the  distribution  on  half  the  bar 
n  in  Table  lA,  the  other  half  being  of  course  similar. 
16  greatest  change  is  observed  in  the  part  covered  by 
ix,  though  there  is  also  a  great  change  in  the  other  part 


'able  IX,  showing  surface-density  for  different  values  of  the  magnetizing- 

force. 

tables  show  that,  as  the  magnetization  of  the  bar  in- 
,  at  least  beyond  a  cerUiin  pointy  the  curves  on  the  part 
]  by  the  helix  increase  in  steepness ;  and  the  figure  even 
that  near  the  middle  of  the  helix  an  increase  of  magnet- 
rce  may  cause  tlie  surface-density  to  decrease;  and  Table 
shows  this  even  better.  Should  we  calculate  Q",  how- 
e  should  always  find  it  to  increase  with  the  magnetizing- 
1  all  cases.  These  effects  can  be  shown  also  in  the  case 
the  bar  does  not  extend  beyond  the  helix,  but  not 
so  well  as  in  this  case,  seeing  that  here  Q''  can  obtain  a 
'  value. 

jming  that  ^  is  variable,  the  formula  indicates  the  same 
)  that  we  observe ;  for  as  Q''  increases  from  zero  upward, 
first  increase  and  then  decrease ;  so  that  as  we  increase 
ignetizing-force  from  zero  upward,  the  curve  should  first 
se  in  steepness  and  then  increase  indefinitely  in  steepness. 


20 
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In  these  tables  the  decrease  of  steepness  is  not  very  appai 
because  the  magnetization  is  alwaj^s  too  ^eat,  and  indeed 
this  account  it  is  diflScult  to  show  it;  but  m  Tables  V,  VI 
VII.  this  action  is  shown  to  some  extent  by  the  values  of 
the  formulsB.  The  change  of  distribution  with  the  h 
arranged  in  this  way  at  the  center  of  the  bar  is  greater  thai 
almost  every  other  case,  because  the  magnetism  of  the  bai 
can  change  greatly  throughout  the  whole  length  of  the  h< 
and  thus  the  value  of  r  be  changed,  and  so  the  distribu 
become  different 

The  next  case  of  distribution  which  I  shall  consider  is 
of  a  very  long  rod  having  a  helix  wound  closely  around  it 
some  distance  at  one  end. 

Table  X.  is  from  a  bar  9  feet  long  with  a  helix  wound 
one  foot  along  one  end.     The  bar  was  '25  inch  in  diameter, 
except  the  first  column  is  the  sum  of  two  results  with  the 
rent  in  opposite  directions,  and  after  letting  the  bar  stand 
some  time,  as  indeed  was  done  in  nearly  every  case.     The 
column  contains  twice  the  quantities  observed,  so  as  to  c 
pare  with  the  others.     The  zero-point  was  at  the  end  of 
bar  covered  by  the  helix. 

Tabli  Z. 


sand  L. 

A. 

B. 

C. 

D. 

-246. 

•360. 

•600. 

109. 

0 
1 
2 
3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

18 

20 

24 

36 

+n-6 

+  29*4 

+  620 

+ 108-7 

+   9-6 

+  16-8 

+  31-6 

+   601 

+  7-4 

+  131 

+  24-3 

+  46-8 

+   6-4 

+   9*8 

+  19^1 

+   341 

+  3-4 

+  7-2 

+  14^7 

+    22-8 

+   20 

+  4-6 

+   9-9 

+    16-0 

+   0-6 

+   2-4 

+   6^4 

+     9-6 

-     -8 

+     -3 

+   1-2 

+       -6 

-  1-8 

-  1-6 

-  21 

—       -3 

-  8-0 

-  3-6 

-  6-6 

-     8-8 

-  60 

-  6-3 

—  86 

-  16-6 

-  7-4 

-100 

-16-4 

-  271 

-  8-4 

-100 

-16-9 

-   26-5 

-  60 

-  7-9 

-14-6 

-  22-6 

-  6-2 

-  70 

—  12-5 

-  210 

-  6-3 

-11-9 

-   19-0 

-  9-4 

-191 

-  31-2 

-  6-3 

-15-2 

-  6-6 

-19-3 

-  6-6 

—  60 

48 

—     -7 

-  1-2 

The  value  of  Q'%  between  0  and  1  includes  the  lines  of  fc 
passing  out  at  the  end  of  the  bar,  and  is  therefore  too  large. 
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Plot  of  Table  Z.. 

In  fig.  4  we  have  a  plot  of  the  results  found  for  this  bar. 
The  curves  are  such  as  we  should  expect  from  our  theory 
except  for  the  variations  introduced  bv  the  causes  which  we 
have  hitherto  considered.  Thus  the  sharp  rise  in  the  curve 
when  near  the  end  of  the  bar  has  already  been  explained  in 
connection  with  Table  III.  A  small  portion  of  it,  however,  is 
due  to  those  lined  of  induction  which  pass  out  through  the  end 
section  of  the  bar,  and  in  future  experiments  these  should  be 
estimated  and  allowed  for.  When  considering  surface-density 
we  should  also  allow  for  the  direct  action  of  the  helix,  though 
this  is  always  found  too  small  except  in  very  accurate  ex- 
peri  menta 

To  estimate  the  shape  of  the  curve  theoretically  in  this  case, 
let  us  take  equation  (4)  once  more,  and  in  it  mate  5'  =  oo  and 

5''=\/RR'  which  will  make  it  apply  to  this.     We  shall  then 
have  A'=— 1,  and  A'' =00. 
Whence  for  the  positive  part  of  Q"^  we  have 

Q'  ^_5^J— 14-2£'<»-^>— e*'^— *>l  =  ^^a-£'<•-^>l«• 
^'-"     2R^^       ^  ^      2RV^  ^    ' 

and  for  the  negative  part 

therefore  the  real  value  is 

And  if  a:  is  reckoned  from  the  end  of  the  rod,  we  have 

Cy,=^f-<H^){l-26'*+£2-} (10) 

When  a:=0,  this  becomes 
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and  when  x=b,  it  becomes 

the  ratio  of  which  is 

and  this  is  the  ratio  of  the  values  of  Q",  at  the  ends  of  the 

helix.     When  b  is  12  inches,  as  in  this  case,  we  get  the  follow 
ing  values  of  this  ratio : — 


r— 

•06. 

•1. 

•16. 

•20. 

•30. 

*•. 

-i(e--*-l)= 
-2     _ 

•2266 
4-43 

•3494 
2^86 

•4173 
2-40 

•4646 
2-20 

•4863 
206 

•600 
2-00 

To  compare  this  with  our  experiments,  let  us  plot  Table  X 
once  more,  rejecting,  however,  the  end  observations  and  com" 

Sleting  the  curve  by  the  eye,  thus  getting  rid  of  the  error  intaro- 
uced  at  this  point     We  then  find  for  this  ratio,  according  to 
the  different  curves, 


B. 
21 


0. 
2-3 


D. 
8-2 


It  is  seen  that  these  are  all  above  the  limit  2,  as  they  should 
be,  though  it  is  possible  that  it  may  fall  below  in  some  cases 
owing  to  the  vanation  of  the  permeability.  As  the  magnetizft- 
tion  increases,  the  values  of  the  above  ratio  show  that  r  de- 
creases, as  we  should  expect  it  to  do  from  the  variation  of  /*. 

To  find  the  neutral  point  in  this  case,  we  must  have  in  for- 
mula (10) 

where  x  is  the  distance  of  the  neutral  point  from  the  end. 
Making  6=12,  we  have  from  this 


'4 


r= 

•06. 

•10. 

•16, 

•20. 

•30. 

00. 

X— 

101 

8^96 

831 

7-89 

7-39 

600 

By  experiment  we  find  that  the  neutral  point  is,  in  all  the 
cases  we  have  given  in  Table  X,  between  7*5  and  8*1  inches, 
which  are  quite  near  the  points  indicated  by  theory  for  the 
proper  values  of  r,  though  we  might  expect  curve  I)  to  pass 
through  the  point  x=9,  except  for  the  disturbing  causes  we 
have  all  along  considered. 

Our  formulsB,  then,  express  the  general  facts  of  the  distri- 
bution in  this  case  with  considerable  accuracy. 

These  experiments  and  calculations  show  the  change  in  dis- 
tribution in  an  electro-magnet  when  we  place  a  piece  of  iron 
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against  (me  pole  only.  In  an  ordinary  straight  electro-magnet 
the  neutral  point  is  at  the  center.  When  a  paramagnetic  sub- 
stance is  placed  against  or  near  one  end,  the  neutral  point 
moves  toward  it ;  but  if  the  substance  is  diamagnetic  it  moves 
from  it 

The  same  thing  will  happen,  though  in  a  less  degree,  in  the 
case  of  a  steel  magnet,  so  that  its  neutral  point  depends  on 
external  conditions  as  well  as  on  internal. 

We  now  come  to  practically  the  most  interesting  case  of  dis- 
tribution, namely,  that  of  a  straight  bar  magnetized  longitudi- 
nally either  by  a  helix  around  it,  or  by  placing  it  in  a  magnetic 
field  parallel  to  the  lines  of  force ;  we  snail  also  see  that  this  is 
the  case  of  a  steel  magaet  magnetized  permanently.  This  case 
is  the  one  considered  by  Biot  (Tmit6  de  Phys.,  tome  iii,  p.  77) 
and  Green  (Mathematical  Papers  of  the  late  George  Green,  p. 
HI,  or  Maxweirs  "Treatise,"  art  439),  though  they  apply 
their  formulse  more  particularly  to  the  case  of  steel  magnets. 
Biot  obtained  his  formula  from  the  analogy  of  the  magnet  to  a 
Zamboni  pile  or  a  tourmaline  electrified  by  heat  Green 
obtained  his  for  the  case  of  a  very  long  rod  placed  in  a  mag- 
netic field  parallel  to  the  lines  of  force,  ana,  in  obtaining  it, 
used  a  series  of  mathematical  approximations  whose  physical 
meaning  it  is  almost  impossible  to  follow.  Prof.  Maxwell  has 
criticised  his  method  in  the  following  terms  ("  Treatise,"  art 
439) : — "  Though  some  of  the  steps  of  this  investigation  are  not 
rigorous,  it  is  probable  that  the  result  represents  roughly  the 
actual  magnetization  in  this  most  important  case."  From  the 
theory  which  I  have  given  in  the  first  part  of  this  paper  we 
can  deduce  the  physical  meaning  of  Green's  approximation, 
and  these  are  included  in  the  hypotheses  there  given,  seeing 
that  when  my  formula  is  applied  to  the  special  case  considered 
by  Green,  it  agrees  with  it  where  the  permeability  of  the  mate- 
rial is  great  My  formula  is,  however,  far  more  general  than 
Green's. 

It  is  to  Green  that  we  owe  the  important  remark  that  the 
distribution  in  a  steel  magnet  may  be  nearly  represented  by 
the  same  formula  that  applies  to  electro-magnets. 

As  Green  uses  what  is  known  as  the  surface-density  of  mag- 
netization, let  us  first  see  how  this  quantity  compares  with 
those  I  have  used. 

Suppose  that  a  long  thin  steel  wire  is  so  magnetized  in  the 
direction  of  its  length  that  when  broken  up  the  pieces  will  have 
the  same  magnetic  moment  While  the  rod  is  together,  if  we 
calcalate  its  effect  on  exterior  bodies,  we  shall  see  that  the  ends 
are  the  only  portions  which  seem  to  act.  Hence  we  may  math- 
ematically consider  the  whole  action  of  the  rod  to  be  due  to 
the  distribution  of  an  imaginary  magnetic  fluid  over  the  ends 
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of  the  rod.     As  any  case  of  magnetism  can  be  represented 
a  proper  combination  of  these  rods,  we  see  that  all  cases  of 
sort  can  be  calculated  on  the  supposition  of  there  being 
magnetic  fluids  distributed  over  the  surfaces  of  the  bodie 
unit  quantity  of  which  will  repel  another  unit  of  like  nal 
at  a  unites  distance  with  a  unit  of  forca     The  surface-den 
at  any  point  will  then  be  the  quantity  of  this  fluid  on  a  u 
surface  at  the  given  point,  and  the  linear  density  along  a 
will  be  the  quantity  along  a  unit  of  length,  supposing 
density  the  same  as  at  the  given  point 

Where  we  use  induced  currents  to  measure  magnetism 
measure  the  number  of  lines  of  force,  or  rather  induction, 
by  the  wire,  and  the  natural  unit  used  is  the  number  of  li 
of  a  unit-field  which  will  pass  through  a  unit-surface  pla 
perpendicular  to  the  lines  of  force.  The  unit-pole  produce 
unit-field  at  a  unit's  distance ;  hence  the  number  of  lines 
force  coming  from  the  unit-pole  is  i^r,  and  the  linear  densit^ 

A=:^ ; 

47rAL 
and  the  surface-density 

6=_^ ( 

These  really  apply  only  to  steel  magnets ;  but  as  in  the  cast 
electro-magnets  the  action  of  the  helix  is  very  small  compa 
with  that  of  the  iron,  especially  when  it  is  very  long  and 
iron  soft,*  we  can  apply  these  to  the  cases  we  consider. 
Transforming  Green's  into  my  notation,  it  gives 


=r-f)»^ 


1+6**     »  •  •  • 

in  which  h  is  Neumann's  coefficient  of  magnetization  by  inc 
tion,  and  is  equal  to 

This  equation  then  gives 

Q%=aL^— j$r(/i-l)-y^-^.      .        .        . 

Equation  (5)  can  be  approximately  adapted  to  this  case 
making  5^=00,  which  is  equivalent  to  neglecting  those  line 
force  which  pass  out  of  the  end  section  of  the  bar.  This  g 
A'=  —  1,  hence 

*  T  take  this  occasion  to  correct  an  error  in  Jenkin's  "  Textbook  of  Electric 
where  it  is  stated  that,  by  the  introduction  of  the  iron  bar  into  the  helii 
number  of  lines  of  force  is  increased  32  times.    The  number  should  have 
from  a  quite  small  number  for  a  short  thick  bar  and  hard  iron  to  nearly  600( 
a  long  thin  bar  and  softest  iron. 
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(16) 


2     / — i — 

Now  we  have  found  (equation  7)  that  ^=;7\/ — ^^  nearly, 


lad  this  in  Green's  formula  (equation  14)  gives 


;r/iR' 


Q%=^L 


VRR^     ^        !+«' 


(16) 


which  is  identical  with  my  own  when  /i  is  large,  as  it  always  is 
in  the  case  of  iron,  nickel,  or  cobalt  at  ordinary  temperatures. 

When  X  is  measured  from  the  center  of  the  bar,  my  equation 
becomes 


€'*—€" 


47rVRR'  e|4.,-5* 


(H) 


The  constant  part  of  Biot's. formula  is  not  the  same  as  this; 
but  for  any  given  case  it  will  give  the  same  distribution. 

Both  Biot  and  Green  have  compared  their  formulae  with 
(Joulomb's  experiments,  and  found  them  to  represent  the  dis- 
tribution quite  well.  Hence  it  will  not  be  necessary  to  consider 
the  case  of  steel  magnets  very  extensively,  though  I  will  give 
a  few  results  for  these  farther  on. 

At  present  let  us  take  the  case  of  electro-magnets. 

For  observing  the  eftect  of  the  permeability,  I  took  two  wires 
12"8  inches  long  and  19  inch  in  diameter,  one  being  of  ordi- 
nary iron  and  the  other  of  Stub's  steel  of  the  same  temper  as 
when  purchased.  These  were  wound  uniformly  Irom  end  to 
end  with  one  layer  of  quite  fine  wire,  making  600  turns  in  that 
distance. 

In  finding  A  from  Q''^,  the  latter  was  divided  by  AnsJj^  ex- 
cept at  the  end,  where  the  end  section  was  included  with  aL 
in  the  proper  manner,  x  was  measured  from  the  end  of  the 
bar  in  inches. 

Tablb  XI.    Iron  Electro-magnet 


Error. 


x— distance 

Qe. 

47rX. 

47rA. 

from  end. 

Observed. 

Observed. 

Computed. 

0 

i 

1 
2 
3 
4 
6 
6 

22-5 

411 

33-9 

12-6 

261 

26-9 

19-3 

19-3 

18-9 

12-0 

120 

11-7 

6-6 

6-6 

7-1 

3-9 

3-9 

4-0 

2-9 

2-9 

1-7 

-7-2 
+  1*8 
-0-4 
-  -3 
+  -6 
+  1 
-1-2 


47rA=42. 
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The  observations  in  Table  XL  are  the  mean  of  four  obsenra 
tions  made  on  both  ends  of  the  bar  and  with  the  current  in 
both  directions. 

The  agreement  with  the  formula  in  this  table  is  quite  good : 
but  we  still  observe  the  excess  of  observation  over  the  formula 
at  the  end,  as  we  have  done  all  along.  Here,  for  the  first  time, 
we  see  the  error  introduced  by  the  method  of  experiment  which 
I  have  before  referred  to  in  the  apparently  small  value  of  ^nl 
at  x=  '75. 

On  trying  the  steel  bar,  I  came  across  a  curious  fact  which, 
however,  I  have  since  found  has  been  noticed  by  others.  Itii 
that  when  an  iron  or  steel  bar  has  been  magnetized  for  a  1od{ 
time  in  one  direction  and  is  then  demagnetized,  it  is  easier  U 
magnetize  it  again  in  the  same  direction  than  in  the  opposit< 
direction.  The  rod  which  I  used  in  this  experiment  had  beei 
used  as  a  permanent  magnet  for  about  a  month,  but  was  demag 
netized  before  use.  From  this  r^d  five  cases  of  distributioi 
were  observed :  first,  when  the  bar  was  used  as  an  electro-mag 
net  with  the  magnetization  in  same  direction  as  the  origins 
magnetism;  second,  ditto  with  magnetization  contrary  to  orig 
inal  magnetism ;  third,  when  used  as  a  permanent  magnet  witl 
magnetism  the  same  as  the  original  magnetism ;  fourth,  ditt< 
with  magnetism  opposite;  and  fifth,  same  as  third  but  curv 
taken  after  several  days.  The  permanent  magnetism  wa 
given  by  the  current. 


Table  Xn. 

StuVs 

SteeL 

Electro-magnet. 

Permanent  magnet. 

Magnetism 

Magnetism 

Magnetism 

Magnetism. 

Ditto  third 

2. 

same  as 

opposite  to 

same  as 

opposite  to 

After  three  oi 

originaL 

original. 

original. 

originaL 

four  days. 

Qe. 

AAkX. 

Q.. 

4»rX. 

0^. 

ffA. 

Q.. 

4jrA. 

Q.. 

4jrX. 

0 

i 
1 

2 
3 

23-3 
11-5 

42-6 
23-0 

16*9 
7-7 

29-0 
15-4 

il4*4 

13-7 

4*8 

4*6 

12-8 

12-2 

8-2 
61 

16*4 
12-2 

5*9 
4-3 

118 
8-6 

\   8-2 

8*2 

4-0 

4-0 

7-3 

7-3 

7-4 

7-4 

6-5 

5-6 

5-3 

6*3 

2-9 

2-9 

4-8 

4-8 

3-6 

3-6 

2-7 

2-6 

3-0 

30 

1-6 

1-6 

2-9 

2-9 

4 

6 

1-7 

•8 

1-0 

•6 

2-2 

11 

•9 

•4 

20 

10 

The  observations  in  Tables  XI  and  XII.  can  be  compare 
together,  the  quantities  being  expressed  in  the  same  unknow 
arbitrary  unit.  It  is  to  be  noted  that  the  bars  in  Tables  X 
and  XII.  were  subjected  to  the  same  magnetizing-force. 

First  of  all,  from  these  tables  and  figures  we  notice  th 
change  in  distribution  due  to  the  quality  of  the  substance 
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thus  in  fig.  5  we  see  that  the  cui-ves  for  steel  are  much  more 
steep  than  that  of  iron,  and  would  thus  give  greater  values  to 

r  in  the  formula,  a  result  to  be 
expected.  We  also  observe  in 
both  figures  the  great  change 
in  distribution  due  to  the  direc- 
tion of  magnetization.  In  the 
case  of  the  electro-magnet  this 
amounts  to  little  more  than  a 
change  in  scale ;  but  in  the  per- 
manent magnet  there  is  a  real 
change  of  form  in  the  curve.  It 
seems  probable  that  this  change 
of  form  would  be  done  away 
with  by  using  a  sufficient  mag- 
netizing-power  or  magnetizing 
Ite8iilt8fipomelectro.magnet8:---  ^v   application   of    permanent 

A.  Iron,  from  Table  XL  "^  x      p      -x  •  il   ui     xi     i. 

B.  Steel,  from  Table  XII,  magnetized  magnets;  for  it  IS  probable  that 

same  as  originaUj.  the  fall  in  the  curve  E  is  due 

a  steel,  from  Table  XII,  magnetized  ^q  the  macnetizinff-force  hav- 

opposite  to  its  original  magnetism.     .^^  beenlufficienf  to   phange 

the  polarity  completely  at  the  center,  but  only  partially  at  the 

ends. 
On  comparing  the  distribution  on  electro-magnets  with  that 

on  permanent  magnets,  we  perceive  that  the  curve  is  steeper 

toward  the  end  in  electro-mag- 
nets than  in  permanent  mag- 
nets. At  first  I  thought  it 
might  be  due  to  the  direct  ac- 
tion of  the  helix,  but  on  trial 
found  that  the  latter  was  almost 
inappreciable.  I  do  not  at 
present  know  the  explanation 
of  it 
o     ,.  -       .    ,  .  .  As  before  mentioned,  Cou- 

Besultsfrom  steel  permanent  magnets:    ,       i     i  -,  • 

D.  MagneUzed  in  its  original  direction,   ^omb  has  made  many  expen- 
Table  XII.  ments  on  the  distribution    of 

^'  ^di?r^!^Tabir^l  ^  ^^  o"»i^al  magnetism  on  permanent  mag- 
pie four  times  that  of  fig.  6.  nets,  and  so  I  shall  only  con- 
sider  this    subject   briefly.     I 
have  already  given  one  or  two  results  in  Table  XII. 

The  following  tables  were  taken  from  two  exactly  similar 
Stub's  steel  rods  not  hardened,  one  of  which  was  subsequently 
used  in  the  experiments  of  Table  XII.  They  were  12*8  inches 
long  and  '19  inch  in  diameter. 

The  coincidence  of  these  observations  with  the  formula  is 
very  remarkable,  but  still  we  see  a  little  tendency  in  the  end 
observation  to  rise  above  the  value  given  by  the  formula. 
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Table  XHL 


X. 


0 

1*28 

256 

3-84 

512 

6-40 


Q.. 

4irX. 

4irX. 

Observed. 

Observed. 

Computed. 

466 

34-9 

34-26 

23-8 

18*6 

18-60 

12-6 

9*8 

9-88 

7-2 

6-6 

4-77 

2-3 

1-8 

1-41 

Error. 


+  -6 

0 

--1 

+  -8 
+  -4 


4«'X=-ll7(10*°»(»-«— 10-*o»«), 


In  equation  (7),  and  also  from  Greenes  formula,  we  have  seen 

rd 
that  for  a  given  quality  and  temper  of  steel  -^   is  a  constant 

From  Coulomb's  experiments  on  a  steel  bar  176  inch  in  diam« 
eter  whose  quality  and  temper  is  unknown,  though  it  was 

Tablb  xrv. 


X. 


0 

1-28 

2*56 

3-84 

6-12 

6-40 


Qe. 

47rX. 

4»rX. 

Observed. 

Observed. 

Ck>mputed. 

42-6 

31-9 

30-74 

21-4 

167 

16-72 

109 

8-6 

8-86 

5-4 

42 

4-28 

17 

1-33 

1-27 

Error. 


+  1-2 

0 

—  -4 

—  -1 
+    1 


4»rX= -105(1 0-«  "»(*-«)- -*°»*). 


probably  hardened,  Green  has  calculated  the  value  of  this  con- 
stant and  obtained  •05482,  which  was  found  from  the  French 
inch  as  the  unit  of  length,  but  which  is  constant  for  all  systenis. 
From  Tables  XIH  and  XIV.  we  find  the  value  of  r  to  be  -4674, 

vd 
whence  ~  =  •04440  for  steel  not  hardened.     As  the  steel  be- 

comes  harder,  this  quantity  increases  and  can  probably  reach 
about  twice  this  for  very  hard  steeL 

Table  XV. 


Soft  steel,  A. 

Hard  steel  B. 

X. 

Qe. 

4»rX. 

Qe.                47rA. 

0 

•64 
1-28 
1-92 
3-20 

20-4 
9-8 
60 

3-8 

291 

15-3 

9-4 

30 

47-7 

13-9 

70 

2-6 

681 

21-7 

110 

20 

To  show  the  effect  of  hardening,  I  broke  the  bar  used  in 
Table  XIV.  at  the  center,  thus  producing  two  bars  6^4  inches 


BL  A.  Rowland — Studies  on  Magnetic  Distribution. 


29 


7. 


long.  One  of  these  halves  was  hardened  till  it  could  scarcely 
be  scratched  by  a  file,  but  the  other  half  was  left  unaltered. 
The  following  table  gives  the  distribution,  using  the  same  unit 
as  that  of  Tables  XUI.  and  XIV.  The  bars  were  so  short  that 
the  results  can  hardly  be  relied  on;  but  they  will  at  least 
suflBce  to  show  the  change. 

In  fiff.  7  I  have  attempted  to  give  the  curve  of  distribution 
from  Table  XV,  and  have  made  the  curves  coincide  with 

observation  as  nearly  as  pos- 
sible, making  a  small  alk)w- 
ance,  however,  for  the  errors 
introduced  by  the  shortness  of 
the  bar.  It  is  seen  that  the 
eflfect  of  hardening  in  a  har  of 
these  dimensions  is  to  increase 
the  quantity  of  magnetism,  but 
especially  that  near  the  end. 
Had  the  bar  been  very  hng^  no  in- 
crease in  the  total  quantity  of 
magnetism  would  have  taken 
placCj  but  the  distribution  would 
have  been  changed.  Hence  from 
this  we  deduce  the  important 
fact  that  hardening  is  most  useful 
for  short  m agnets.  And  it  would 
seem  that  almost  the  only  use  in 
hardening  magnets  at  all  is  to 
concentrate  the  magnetism  and 
to  reduce  the  weight  And  in- 
deed I  have  made  magnets 
from  iron  wire  whose  magnetization  at  the  central  section  was 
just  as  intense  as  in  a  steel  wire  of  the  same  size ;  but  to  all 
appearances  it  was  less  strongly  magnetized  than  the  steel  be- 
cause the  magnetism  was  more  diflfused ;  and  as  the  magnetism 
was  not  distributed  so  nearly  at  the  end  as  in  the  steel,  its 
magnetic  moment  and  time  oi  vibration  was  less. 

It  is  for  these  reasons  that  many  makers  of  surveyors'  com- 
passes find  it  unnecessary  to  harden  the  needles,  seeing  that 
these  are  long  and  thin. 

We  might  deduce  all  these  facts  from  the  formulae  on  the 
assumption  that  r  is  greater,  the  harder  the  iron  or  steel. 

Having  thus  considered  briefly  the  distribution  on  electro- 
magnets and  steel  magnets,  and  found  that  the  formulae  repre- 
sent it  in  a  general  way,  we  may  now  use  them  for  solving  a 
few  questions  that  we  desire  to  know,  though  only  in  an 
approximate  manner. 

[To  be  oontinued.] 


no 


Results  from  permanent  magnets. 

A.  Soft  steel 

B.  Hard  steel 
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Art.  III. — On  Recent  Researches  in  Sound;  by  Wm.  B.  Taylob. 

That  two  so  eminent  physicists  as  Professor  Tyndall  in  j 
England,  and  Professor  Henry  in  our  own  country,  sfaoold  : 
have  been  for  some  time  past  (and  almost  simultaneously)  60*  j 
gaged  in  investigating  the  aberrant  actions  of  Sound,  with  esr  ; 
pecial  reference  to  securing  increased  eflSciency  to  the  national  | 
systems  of  Fog-signaling,  is  a  noteworthy  circumstance,  and  ] 
one  of  no  slight  practical  importance.  In  view  of  the  many  \ 
disastrous  marine  accidents  resulting  from  fogs  on  either  coasti  .' 
every  thoughtful  mind  must  regard  with  profound  interest  a  { 
series  of  researches  requiring  so  much  patient  labor  for  the  ' 
attainment  of  new  and  accurate  information  on  the  subject,  and  i 
so  high  a  degree  of  scientific  sagacity  and  skill  for  its  right  ! 
interpretation.  . 

As  somewhat  different  explanations  have  been  oflfered  by  ; 
these  two  distinguished  observers  to  account  for  certain  abnor  , 
mal  phenomena  of  sound,  a  concise  statement  of  the  facts  and  : 
views  respectively  announced,  will  interest  the  general  reader. 
The  records  of  these  investigations  are,  on  the  one  side,  the 
Philosophical  Transactions  of  the  Royal  Society  of  London  for 
the  year  1874,  vol.  clxiv,  page  183,  "  On  the  Atmosphere  as  a 
Vehicle  of  Sound,"  by  John  Tyndall,  LL.D.,  F.RS.,  a  com- 
munication read  February  12,  1874 ;  and  on  the  other  side,  the 
Annual  Report  of  the  Light  House  Board  of  the  United  States 
for  the  year  1874;  the  Appendix  to  which  is  an  account  of  the 
operations  of  the  Board  relative  to  Fog-Signals, by  Joseph  Henry, 
Chairman  of  the  Light  House  Board.  In  addition  to  these 
principal  sources  of  information,  reference  will  be  made  to  an 
interesting  communication  read  before  the  Royal  Society,  April 
28,  1874,  "On  the  Refraction  of  Sound,''  by  Professor  Os- 
borne Reynolds,  andpublished  in  the  Proceedings  of  the  Royal 
Society  for  1874.  The  salient  points  of  the  observations  are 
selected,  and  are  here  arbitrarily  designated  by  bracketed  num- 
bers, to  facilitate  comparisons. 

L 

Ten  years  ago,  or  in  1865,  Professor  Henry  commenced  his 
investigations  on  the  subject  of  Sound  in  connection  with  fog- 
signals,  at  the  Light  House  station  near  New  Haven,  Connecticut 
Omitting  here  his  careful  experiments  in  regard  to  the  charac- 
ter of  the  various  instruments  employed,  the  principal  results 
then  obtained,  were  the  following: 

[1.]  The  reflection  of  sound  was  observed  to  be  very  imper- 
fect and  inexact.     A  large  concave  reflector  with  a  smoothly 
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plastered  surface  of  64  square  feet,  produced  a  sensible  increase 
of  effect  in  the  sound,  within  a  distance  of  600  yards  in  front 
of  the  signal :  beyond  this  distance,  the  difference  became  im- 

Serceptible.  It  appeared  that  "  while  feeble  sounds  at  small 
istauces  are  reflected  as  rays  of  light  are,  waves  of  powerful 
sound  spread  laterally,  and  even  when  projected  from  the 
mouth  of  a  trumpet,  at  a  great  distance  tend  to  embrace  the 
whole  circle  of  the  horizon."  (L.  H.  Rep.,  p.  88.)  A  trumpet, 
however,  which  could  be  heard  six  miles  in  front  (in  the  direc- 
tion of  the  axis)  was  heard  only  three  miles  in  the  rear.  (p.  92.) 

[2.]  **  For  determining  the  relative  power  of  the  instruments, 
the  use  of  two  vessels  had  been  obtained."  The  instruments 
at  the  light-house  station  were  a  large  bell,  a  steam-whistle  6 
inches  in  diameter,  a  double  whistle,  "  improperly  called  a 
steam  gong,"  12  inches  in  diameter,  the  cups  being  20  and  14 
inches  deep,  producing  the  harmonic  interval  of  a  tone  and  its 
fifth,  and  a  Daboll  trumpet  operated  by  a  hot  air  engina  The 
blow-off  sound  from  the  **exhau8t"  of  the  air  engine  was  also 
noted.  *'The  penetrating  power  of  the  trumpet  was  nearly 
double  that  of  the  whistle.'  (Rep.,  p.  90.)  Tne  order  of  au- 
dible range  on  the  first  day  was  found  to  be  1st,  trumpet,  2nd, 
exhaust,  3rd,  bell,  the  whistle  not  being  sounded.  On  the  sec- 
ond day,  1st,  trumpet  and  *'gong,"  2nd,  whistle,  3rd,  exhaust 
In  the  rear  the  trumpet  was  heard  no  farther  than  the  whistle. 
On  the  third  day,  the  order  was  similar, — 1st,  trumpet,  2nd, 
whistle,  3rd,  exhaust,  4th,  bell.  (p.  91.)  The  opportunity  was 
unfavorable  to  the  observation  of  these  sounds  when  they  were 
moving  directly  with  the  wind. 

[3.]  Simultaneous  observations  from  two  vessels  sailing  in 
nearly  opposite  directions,  showed  that  the  sound  did  not  ex- 
tend against  the  wind  so  i'ar  as  in  the  direction  of  the  wind ; 
and  on  subsequent  days,  results  obtained  from  sounds  moving 
nearly  against  the  wind,  and  at  right-angles  to  it,  indicated  that 
an  opposing  wind,  when  light,  obstructed  sound  less  than  when 
stronger,  and  that  wind  at  right-angles  to  the  sound,  permitted 
it  to  be  heard  farther.     (Rep.,  p.  92.) 

[4.]  **  During  this  series  of  investigations  an  interesting  fact 
was  discovered,  namely,  a  sound  moving  against  the  wind,  in- 
audible to  the  ear  on  the  deck  of  the  schooner,  was  heard  by 
ascending  to  the  mast-head."  (p.  92.)  These  results  were  ob- 
tained in  1865. 

[5.]  An  experiment  subsequently  made  at  Washington  during 
a  f(^,  with  a  small  clock-work  alarm  bell,  indicated  that  the 
foc^  did  not  absorb  sound ;  though  want  of  the  opportunity  of 
a  comparative  observation  prevented  the  result  from  being  en- 
tirely satisfectory.  (p.  93.) 

In  1867,  the  principal  object  of  investigation  was  a  compari- 


&c.  (p.  98.) 

[6.J  During  this  series  of  experiments  in  1867,  attention  wm 
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son  of  different  insti'uments,  the  character  and  value  of  the  im- 
provements made  in  them  and  especially  an  examination  of  i 
new  tog-signal  made  under  the  direction  of  the  Board  by  Mr. 
Brown,  of  New  York, — the  steam  siren  (p.  194),  an  inctro- 
ment  which  has  since  played  an  important  part  in  fog-signal* 
ing.  Employing  1st  a  large  Daboll  trumpet.  17  feet  long,  (its 
steel  tongue  being  10  inches  long),  and  operated  by  a  hot  air 
engine,  2nd,  a  siren  operated  by  a  tubular  steam  boiler,  and 
3ra,  a  steam  whistle,  6  inches  in  diameter, — an  elaborate  seria 
of  experiments  was  made  as  to  their  penetrating  power,  as  to 
the  most  efficietit  pitch  or  tone,  (p.  95),  the  effect  of  varying  steam 
pressure  from  20  pounds  per  square  inch  to  100  pounds  per 
square  inch,  (p.  97),  the  material  and  shape  of  the  trumpets^ 
-  (p.  9f 
I.]  Di 
called  by  General  Poe,  of  the  Light  House  Board,  to  the  ci^ 
cumstance  that  the  sound  of  the  paddle-wheels  of  a  steamer 
some  four  and  a  half  miles  disUmt  from  the  shore  could  be  dis- 
tinctly heard  by  bringing  the  ears  near  to  the  surface  of  the 
beach.  This  fact  had  previously  been  noticed  on  the  northern 
lakes.  The  desirability  of  experimenting  with  large  hearing 
trumpets  placed  near  the  surface  of  the  water  is  suggested  bj 
Professor  Henry,  (p.  98.) 

[7.  J  Experiments  on  tne  divergence  of  acoustic  beams,  while 
indicating  a  considerable  reduction  of  sound  toward  the  rear  of 
the  trumpet,  showed  also  very  strikingly,  the  increasing  ten- 
dency of  sound  to  spread  on  either  side  of  the  axis  of  the 
trumpet,  (p.  98.)  This  corresponds  with  the  observations  [IJ  on 
the  employment  of  sound  reflectors. 

An  important  suggestion  is  made,  requiring  experimental 
determination,  namely,  that  condensed  air  would  probably  give 
more  efficient  results  to  both  the  fog-whistle  and  the  siren, 
than  steam.     "  From  hypothetical  considerations  this  would  ap- 

Sear  to  be  the  case,  since  the  intensity  of  sound  depends  on  the 
ensity  of  the  medium  in  which  it  is  produced ;  and  as  the 
steam  is  considerably  lighter  than  air,  and  as  the  cavities  of  all 
these  instruments  are  largely  filled  with  steam,  the  intensity  of 
sound  would  on  this  account  seem  to  be  less."     (Rep.,  p.  99.) 

In  the  absence  of  Professor  Henry  in  England  in  1870,  ex- 
periments were  continued  by  General  Duane,  one  of  the  Light 
House  District  engineers.     These  will  presently  be  noticed. 

[8.]  In  1872  Professor  Henry  observed  from  a  steamer  in  the 
harbor  of  Portland,  Maine,  that  while  approaching  an  island 
from  which  a  fog-signal  was  audible, — at  the  distance  of  two 
or  three  miles,  the  sound  was  lost  for  nearly  a  mile,  and  then 
slightly  regained  at  nearer  approach.  This  was  partly  in  the 
rear  of  the  signal ;  and  from  its  position  on  the  farther  side  of 
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the  island  from  the  steamer,  with  a  large  house  and  rising 
ground  interposed,  Professor  Henry  infers  that  the  region  of 
iDaudibility  was  covered  by  an  acoustic  shadow,  encroached 
upon  at  a  greater  distance  by  the  divergence  of  the  rays  of 
sound,  which,  bending,  reached  ultimately  the  surface  of  the 
water,  (p.  107.)  A  similar  phenomenon  was  observed  in  the 
same  year  on  approaching  Whitehead  station  near  the  coast  of 
Maine.  The  fog-signal  was  heard  from  the  distance  of  six 
miles  to  about  three  miles,  and  then  lost  until  within  a  quarter 
of  a  mile.  (p.  107.)  Again,  at  little  Gull  Island,  in  a  vessel  re- 
ceding from  the  siren  signal  in  the  direction  of  its  trumpet 
axis,  the  sound  was  lost  at  a  distance  of  two  miles,  and  then 
regained  at  a  distance  of  four  and  a  half  miles,  (p.  111.)  These 
last  eases  are  referred  bv  Professor  Henry  to  a  flexure  of  the 
rays  of  sound  resulting  from  differences  oi  wind  velocity  in  the 
upper  and  lower  strata  of  air. 

[9.]  In  1872,  it  was  observed  that  a  fog-signal  was  heard  from 
one  station  to  another,  while  a  simultaneous  signal  from  the 
latter  was  inaudible  in  the  opposite  direction.  On  board  a 
steamer  approaching  Whiteheaci  station  (a  mile  and  a  half  from 
the  coast  of  Maine),  the  signal,  a  steam- whistle,  failed  to  be 
beard  from  the  distance  of  about  three  miles  to  about  a  quar- 
ter of  a  mile  from  the  station :  while  a  smaller  whistle  on  the 
steamer  was  distinctly  heard  by  the  keeper  at  the  station  dur- 
ing that  tiina  The  wind  was  slightly  transverse  to  the  direc- 
tion from  the  steamer  to  the  station,  but  approximately  in  that 
direction.  The  steamer  after  stopping  at  the  station,  on  passing 
from  it  almost  directly  against  a  light  wind,  continued  to  hear 
the  signal  with  variable  distinctness  for  about  fifteen  miles,  (p. 
108.)  In  September,  1874,  the  keeper  at  Blcxjk  Island,  on  the 
coast  of  Rhode  Island,  observed  according  to  instructions,  the 
time^  when  the  fog  signal  from  Point  Judith  at  a  distance  of 
seventeen  miles  was  audible,  and  in  comparing  the  times  when 
the  Block  Island  signal  (a  powerful  steam  siren)  was  heard  at 
Point  Judith,  it  appear^  that  the  two  sounds  had  not  been 
heard  simultaneously  by  the  two  keepers,     (p.  112.) 

[10.]  In  August,  1873,  at  Cape  Elizabeth  station  in  Maine,  the 
phenomenon  of  ocean-echoes  was  distinctly  noticed  on  hoard  a 
steamer  as  it  was  passing  directly  outward  from  the  signal ;  the 
sound  after  each  whistle  beinK  returned  from  the  unobstructed 
space  beyond,  (p.  109.)  In  September,  1874,  at  Black  Rock 
Island  also,  shortly  after  each  blast  of  the  trumpet,  a  prolonged 
echo  from  the  open  ocean  was  distinctly  heard.  The  echo  was 
observed  not  to  be  loudest  at  the  siren-house,  but  at  a  point  sev- 
eral hundred  yards  U-)  one  side  ;  the  wind  being  in  the  direction 
of  the  primitive  sound,  and  nearly  opposite  to  the  direction  of 
the  reflected  echo.    (p.  112.)    This  was  supposed  by  Professor 
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Henry  to  be  caused  by  a  reflection  of  the  sound  from  the  cresto 
and  slopes  of  the  waves. 

[11.]  On  September  23rd,  1874,  three  observations  were  made 
on  board  steamers  moving  in  opposite  directions  about  one  and 
a  half  miles  from  Sandy  Hook,  New  Jersey.  First,  befon 
noon  with  the  wind  from  the  west,  second,  at  noon  with  the 
wind  lulled  to  a  calm,  and  third,  an  hour  and  a  half  later,  with 
the  wind  blowing  from  the  east  These  observations  gave  the 
unexpected  result  of  the  sound  being  heard  in  each  case  uni- 
formly farthest  from  the  west,  irrespective  of  the  wind.  (p. 
114.)  On  the  next  day,  September  24th,  the  observations  were 
repeated  farther  out  at  sea,  or  six  miles  from  the  nearest  land. 
Small  balloons,  sent  off  with  each  observation  on  the  sound, 
showed  that  notwithstanding  the  change  of  surface  wind  as  be- 
fore, from  morning  to  afternoon,  the  upper  current  of  wind  was 
steadily  and  continuously  from  the  west  (p.  115.)  Professor 
Henry  supposes  that  in  the  first  case  "  the  motion  of  the  air 
being  in  tne  same  direction  both  below  and  above,  but  proba- 
bly more  rapid  above  than  below  on  account  of  resistance,  the 
upper  part  of  the  sound-wave  would  move  more  rapidly  than 
the  lower,  and  the  wave  would  be  deflected  downward,  and 
therefore  the  sound  as  usual  heard  farther  with  the  wind  than 
against  it."  In  the  third  case  with  a  local  sea-breeze  in  the  op- 
posite direction,  and  the  upper  current  remaining  unchanged, 
*'  the  sound  should  be  heard  still  farther  in  the  same  direction 
or  against  the  wind  at  the  surface,  since  in  this  case  the  sound- 
wave being  more  retarded  near  the  surface,  would  be  tipped 
over  more  above,  and  the  sound  thus  thrown  down."  (p.  116.) 
This  explanation  derived  from  a  communication  of  Professor 
Stokes,  at  the  Dublin  Meeting  of  the  British  Association  in 
1857,  (Rep.  of  B.  A.,  1856,  p.  22  of  Abstracts)  would  appear 
to  be  a  very  satisfactory  solution  of  the  apparent  anomaly. 

n. 

In  1870,  General  Duane,  the  engineer  in  charge  of  the  Light- 
house District  embracing  the  coast  of  Maine,  New  Hampshire, 
and  Massachusetts,  was  assigned  by  the  Light  House  board, 
(as  one  "  who  from  his  established  reputation  for  ingenuity  and 
practical  skill  in  mechanism,  was  well  qualified  for  the  work,") 
to  make  experiments  and  observations  on  fog-signals.  Accord- 
ingly during  the  year  1871,  extensive  investigations  were  made 
by  him  at  Portland,  Maine.  Passing  over  his  valuable  remarks 
on  the  qualities  of  fog-signals,  the  following  are  the  principal 
facts  observed  bv  him : 

[A.]  The  extremely  variable  range  of  sound.  The  steam  fog- 
whistles  on  the  coast  of  Maine  could  frequently  be  heard  at  a 
distance  of  twenty  miles,  and  as  frequently  could  not  be  heard 
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two  miles,  with  apparently  the  same  state  of  the  atmosphere. 
(L  a  Rep.,  p.  100.) 

[B.]  The  signal  was  often  heard  at  a  ^reat  distance  in  one 
direction,  while  scarcely  audible  at  a  mile  m  another  direction, 
and  this  quite  irrespective  of  the  wind.     (p.  100.) 

[G]  Falling  snow  was  observed  not  to  obstruct  sound  sensi- 
bly, as  the  steam-whistle  on  Cape  Elizabeth  can  be  "distinctly 
heard  in  Portland,  a  distance  of  nine  miles,  during  a  heavy 
northeast  snow-storm,  the  wind  blowing  a  gale  directly  from 
Portland  toward  the  whistle."  (p.  iOO.) 

[D.]  The  signal  station  frequently  "  appears  to  be  surrounded 
by  a  belt  varying  in  radius  from  one  to  one  and  a  half  miles, 
from  which  the  sound  appears  to  be  entirely  absent."  Receding 
from  the  siraal,  its  sound  may  be  audible  for  the  distance  of  a 
mile,  then  lost  for  the  distance  of  a  second  mile,  and  then  au- 
dible again  for  a  much-  farther  distance.  This  abnormal  phe- 
nomenon has  been  observed  at  various  stations,  and  at  one 
where  the  signal  is  on  a  bare  rock  in  mid-ocean,  twenty  miles 
away  from  land,  and  with  no  surrounding  objects  to  affect  the 
sound  (p.  10(>.) 

No  observations  have  been  made  to  show  that  this  occasional 
sound-chasm  is  really  a  "belt"  entirely  surrounding  the  signal ; 
a  supposition  which  appears  to  be  antecedently  improbable, 
and  one  which  would  require  a  large  number  oi  radiating  ob- 
servations made  simultaneously,  to  establish  it.  The  curious 
and  exceptional  fact,  however,  is  confirmed  by  the  observations 
of  Henry  [8]  made  subsequently. 

[K]  Confirmatory  of  Henry  [1],  General  Duane  found  that  a 
whistle  in  the  focus  of  a  large  parabolic  reflector,  though  giving 
a  notably  louder  sound  in  front  near  the  reflector,  yet  at  the 
distance  of  a  few  hundred  yards,  had  its  beam  of  sound  so 
spread  that  the  acoustic  sha(iow  behind  the  mirror  vanished, 
and  no  perceptible  difference  appeared.  A  wooden  trumpet  or 
sijuare  pyramidal  box  20  feet  long,  in  a  horizontal  position 
with  the  whistle  in  the  smaller  end,  gave,  however,  more  suc- 
cessful results,  the  increase  of  sound  in  the  open  axis  being 
perceptible  at  the  distance  of  a  mile.  (Rep.,  p.  103.)  This  cor- 
responds also  with  Henry's  observation  [7J. 

[F.]  In  repetition  and  explanation  of  observation  [A]  General 
Duane  remarks :  "  It  frequently  occurs  that  a  signal  which 
under  ordinary  circumstances  would  be  audible  at  the  distance 
of  fifteen  miles,  cannot  be  heard  from  a  vessel  at  the  distance 
of  a  single  mile.  This  is  probably  due  to  the  reflection  men- 
tioned by  Humboldt"  (p.  104.)  This  great  traveller  and  scien- 
tific observer,  in  his  graphic  narrative  of  exploration  in  the 
northern  part  of  South  America  published  at  the  beginning  of 
the  century,  ascribes  the  diminished  audibility  during  the  day. 
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of  the  uoise  from  the  cataracts  of  the  Orinoco,  at  a  place  on  the 
Atures,  to  the  unequal  heating  of  the  air  and  the  reflection  and 
dispersion  of  the  sound  from  the  surfaces  of  the  striae  of  differ- 
ing density. 

[G.]  It  was  further  noticed  by  General  Duane  that  *'  when 
the  sound  is  thus  impeded  in  the  direction  of  the  sea,  it  has 
been  observed  to  be  much  stronger  inland ;"  tending  to  confirm 
his  idea  that  the  sound  in  passing  from  a  warmer  to  a  cooler 
region  of  air  "  undergoes  reflection  at  their  surface  of  contact" 
(p.  104.) 

Professor  Henry  dissents  from  this  opinion  that  the  extinc- 
tion of  powerful  sounds  is  due  to  unequal  density  of  the  at- 
mosphere. Admitting  that  **  a  slight  degree  of  obstruction  of 
sounds  may  be  observed"  from  such  a  condition,  he  thinks  it 
**  entirely  too  minute  to  produce  the  results  noted."  (p.  104.) 
He  believes  that  the  **  true  and  suflBicient  cause"  is  the  differ- 
ence between  the  upper  and  lower  currents  of  air,  which  tends 
to  bend  the  sound  ravs  either  upward  or  downward,  as  sug- 
gested by  Professor  Stokes  in  1857.  He  adds,  "  In  the  com- 
ments we  have  made  on  the  Report  of  General  Duane  the  in- 
tention was  not  in  the  least  to  disparage  the  value  of  his  results 
which  can  scarcely  be  too  highly  appreciated."     (Rep.,  p.  106.) 

[H.]  A  diflSiculty  occasionally  observed  with  vessels  in  a  foff, 
is  an  apparently  false  direction  of  the  audible  signal ;  which 
General  Duane  regards  as  "  due  to  the  refraction  of  sound  in 
passing  through  media  of  different  density."  (p.  104.) 

[L]  While  thus  adopting  "the  conclusion  that  these  anomalies 
in  the  penetration  and  direction  of  sound  from  fog-signals,  are 
to  be  attributed  mainly  to  the  want  of  uniformity  in  the  sur- 
rounding atmosphere,''  General  Duane  was  also  le(i  from  obser- 
vation and  experiments  to  believe  **  that  snow,  rain,  fog.  and 
the  force  and  direction  of  the  wind,  have  much  less  influence 
than  has  generally  been  supposed."  (p.  104.)  This  is  in  confir- 
mation of  his  previous  observation  [C]. 

III. 

Professor  Tyndall  commenced  his  investigations  on  fog-sig- 
nals on  the  19th  of  May,  1873,  "at  the  instance  of  and  in 
conjunction  with  the  elder  brethren  of  the  Trinity  House."  as 
the  scientific  adviser  of  the  Corporation. 

[1.]  On  May  20, 1878,  observations  showed  the  relative  pene- 
trating power  of  different  instruments  to  be  variable  At  six 
miles  the  fog-horn  was  inaudible,  while  an  eighteen  pound 
gun  with  three  pound  charge  was  heard  for  ten  miles.  On 
many  subsequent  occasions  tne  horn  was  found  to  be  superior 
to  the  gun.  (7Va?w.  R,  S,,  p.  188.)  Occasionallv  the  whistles 
were  superior  to  the  trumpet,  though  not  generalfy  so.  (p.  189.) 
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Later  experiments  in  October  showed  that  the  pitch  of  the 
sound  had  variable  penetration  on  diflferent  days  and  even  at 
different  times  on  the  same  day.  The  siren  (an  American  in- 
strument lent  by  the  [Jnited  States  Lighthouse  Board,  and  put 
in  use  October  8,  1873)  was  generally  decidedly  triumphant, 
but  not  always  so.     {Trans.,  pp.  220,  221.) 

[2.]  The  defect  of  sound  in  the  acoustic  shadow  of  an  inter- 
vening obstacle  (a  chalk  cliff)  was  verv  strikingly  manifested. 
In  June  the  same  sharpness  of  shadow  line  was  observed  ;  and 
even  with  the  instruments  in  view,  at  the  distance  of  a  mile, 
their  sound  entirely  failed  near  the  shadow  line  at  one  side. 
(Trans.,  p.  190.) 

[3.]  Although  "  the  wind  exerts  an  acknowledged  power  over 
sound"  yet,  on  the  25th  of  June,  **  when  the  range  was  only 
six  and  a  half  miles,  the  wind  was  favorable ;  on  the  26th 
when  the  range  exceeded  nine  and  a  quarter  miles,  it  was 
opposed  to  the  sound."  (p.  194.)  On  October  11,  the  sound 
was  observed  to  be  much  alFected  by  an  adverse  wind.  It  was 
also  noticed  on  this  as  well  as  on  subsequent  occasions,  that 
"an  opposing  wind  affects  the  gun-sound  far  more  seriously 
than  tnat  of  the  siren."  With  a  favoring  wind,  sounds  were 
heard  twice  as  far  as  with  an  adverse  wind,  even  at  a  point 
"more  deeply  immersed  in  the  sound -shadow."     (p.  224.) 

[4.]  July  1,  at  a  distance  of  five  and  a  quarter  miles  from  a 
rotating  horn  it  was  observed  that  the  sound  was  sensibly 
stronger  in  front  than  at  the  rear  of  the  trumpet,  the  reduction 
being  estimated  as  seven  to  ten.     (p.   192.) 

[5.]  July  1,  *'  In  a  thick  haze,  the  sound  reached  a  distance  of 
twelve  and  three-quarter  miles,  while  on  May  20,  in  a  calm 
and  hazeless  atmosphere,  the  maximum  range  was  only  from 
five  to  six  miles."  (p.  193.)  And  subsequent  observations 
made  in  London,  December  10  and  11,  showed  that  a  thick 
fog  offered  no  sensible  obstruction  to  the  passage  of  sound, 
(p.  209,  210.) 

[6.]  On  July  3,  at  2. 15  P.  M.  "  with  a  calm  clear  air  and  smooth 
sea,''  at  three  miles  from  the  signal  station  "  neither  horn  nor 
whistle  was  heard.  The  guns  were  again  signaled  for ;  five  of 
them  were  fired  in  succession,  but  not  one  of  them  was  heard." 
ip,  194,  195.)  As  a  hot  sun  was  pouring  its  beams  on  the  sea, 
Professor  Tyndall  supposed  that  the  copious  evaporation  re- 
salting,  would  most  probably  act  very  irregularly,  producing 
streams  or  wreaths  of  vapor,  and  thus  render  the  air  Jlocculeni 
with  these  invisible  cloudlets,  whose  surfaces  would  occasion  a 
large  amount  of  repeated  reflection  and  dispersion  of  the  sound 
waves.  As  the  sun  afterward  became  clouded  at  3.15  p.  m., 
the  sounds  of  the  signal  were  heard  at  three  miles,  and  very 
faintly  at  four  and  a  quarter  miles  ;  and  later  at  six  miles,  and 
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seven  and  three-quarter  miles.  Toward  the  close  of  the  day 
the  signals  were  heard  at  twelve  and  three-quarter  miles, 
(p.  196,  197.) 

[7.]  On  the  same  day  at  one  o*clock,  the  echoes  from  the  direc- 
tion of  the  open  sea  were  very  distinct  at  the  signal  station. 
"  The  instruments  hidden  from  view,  were  on  the  summit  of  a 
cliff  235  feet  above  us,  the  sea  was  smooth  and  clear  of  ships, 
the  atmosphere  was  without  a  cloud,  and  there  was  no  object 
in  sight  which  could  possibly  produce  the  observed  eff'ect 
From  the  perfectly  transparent  air,  the  echoes  came,  at  first 
with  a  strength  apparently  but  little  less  than  that  of  the  direct 
sound,  and  then  dying  gradually  and  continuously  away." 
(p.  198.)  These  remarkable  echoes  are  supposed  by  Professor 
Tyndali  to  be  returned  from  the  invisible  surfaces  of  the 
vaporous  strise,  which  thus  render  the  air  opaque  to  the  sono- 
rous waves.  Subsequently,  on  the  8th  of  October,  the  Ameri- 
can siren  being  just  received  and  set  up,  its  loud  echoes  were 
observed  to  be  "  far  more  powerful  than  those  of  the  horn," 
and  to  last  eleven  seconds,  while  those  of  the  horn  had  eight 
seconds  duration,  (p.  199.)  On  the  15th  of  October,  the 
direction  of  the  echoes  was  found  to  correspond  with  the  prin- 
cipal axis  of  the  direct  or  primitive  sound ;  the  direction  of 
the  return  sound  changing  with  the  rotation  of  the  horn, 
(p.  200.)^ 

[8.]  On  October  8th  rain  and  hail  were  found  not  to  obstruct 
sound.  While  in  the  morning  (after  a  thunder  storm)  from 
Dover  and  the  South  Foreland  across  the  English  channel  "  for 
a  time  the  optical  clearness  of  the  atmosphere  was  extraordi- 
nary, the  coast  of  France,  the  Grisnez  lighthouse,  and  the 
Monument  and  Cathedral  of  Boulogne  being  clearly  visible  in 
positions  from  which  they  were  generally  quite  hidden ;  the 
atmosphere  at  the  same  time  was  acoustically  opaque ;"  and 
the  horn  was  feebly  heard  at  six  miles,  (p.  205.)  6ut  in  the 
afternoon  a  storm  arose,  and  although  the  rain  was  fallinff 
heavily  all  the  way  between  the  signal  station  at  Foreland  ana 
the  point  of  observation  on  the  steamer,  **  the  sound  instead  of 
being  deadened,  rose  perceptibly  in  power.  Hail  was  now 
added  to  the  rain,  and  the  shower  reached  a  tropical  violence." 
"  In  the  midst  of  this  furious  squall  both  the  horns  and  th^ 
siren  were  distinctly  heard,"  and  as  the  shower  lightened, 
diminishing  the  local  pattering  on  the  deck,  they  were  heard 
"at  a  distance  of  seven  and  a  half  miles  distinctly  louder 
than  they  had  been  heard  through  the  rainless  atmosphere  at 
five  miles."  (p.  206.)  On  the  28d  of  October,  a  similar  expe- 
rience was  noticed  on  land,  and,  contrary  to  the  usual  im- 
pression, snow  was  also  observed  to  offer  no  serious  obstacle 
to  sound,     (p.  207.) 
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It  must  be  borne  in  mind  that  the  investigations  by  Profes- 
sor Tyndall  wei*e  concluded  before  the  publication  of  the 
United  States  Lighthouse  Report  And  it  is  noticeable  that 
these  two  series  of  original  observations  thus  independently 
made  on  the  opposite  siaes  of  the  Atlantic,  in  the  main  quite 
strikingly  connrm  each  other. 

Tynaall's  notice  [1]  of  the  inconstant  relative  range  of  dif- 
ferent instruments  corresponds  with  Henry  (2),  though  indi- 
cating a  much  more  marked  variability. 

TyndalFs  notice  [2]  of  the  sound  shadow,  corresponds  gene- 
rally with  Henry  [7],  and  Duane  [E],  but  assigns  a  sharper 
definition  to  iis  limit;  probably  in  consequence  of  the  inter- 
vention of  a  larger  obstacle  (a  cliff),  and  an  observation  within 
a  shorter  distanca 
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confirms  Henr^  [3]  and  [11]. 
[4]  corresponds  with  Henry  [7]  and  Duane  [E]. 
"5]  confirms  by  a  series  of  careful  observations,  the 
opinion  of  Henry  [5]  and  Duane  [I]. 

Tyndall  [6]  confirms  Duane  [A  and  F],  and  in  like  manner 
adopts  and  extends  the  suggestion  of  Humboldt  as  to  the 
cause  of  acoustic  opacity.  Professor  TyndalFs  admirable  skill 
in  experimental  physics  enabled  him  to  illustrate  and  fortify 
his  hypothesis  by  exhibiting  in  a  popular  lecture  an  apparatus 
for  producing  in  an  elongated  box  or  tunnel,  aerial  laminae  of 
unequal  density,  through  which  the  sound  from  a  small  alarm 
box  failed  to  excite  a  sensitive  flame.  That  this  mottled 
condition  of  the  air  is  therefore  a  true  cause  of  acoustic  ob- 
struction is  no  longer  doubtful.  To  what  extent  a  similar 
condition  of  the  atmosphere  actuallv  prevails,  in  view  of  the 
law  of  the  diffusion  of  gases,  and  liow  fai*  such  usual  or  un- 
usual inequalities  of  density  in  the  air  are  capable  of  entirely 
dispersing  the  powerful  sound  of  a  steam  trumpet  or  siren,  at 
the  distance  of  a  quarter  of  a  mile,  are  not  so  positively  deter- 
mined. With  a  continuous  wind  any  such  condition  of  aerial 
*•  flocculence"  might  be  expected  to  be  very  speedily  dissipated. 

This  theory,  however,  fails  entirely  to  explain  the  interesting 
observations  of  Henry  [4,  8,  and  9].  It  is  scarcely  credible 
diat  a  local  screen  of  aerial  flocculence  could  obliterate  on  the 
deck  of  a  schooner,  a  fog-signal  audible  at  the  mast-head. 
Atmospheric  refraction  on  the  other  hand,  completely  satisfies 
the  observed  condition  ;  an  opposing  wind  blowing  at  the  time. 
Still  less  successful  is  the  theory,  in  dealing  with  the  abnormal 
phenomenon  of  simultaneous  audibility  at  long  range,  with  the 
btermediate  **belt"  of  acoustic  opacity,  first  observed  by 
Duane  [D].  And  lastly,  the  assumption  of  simultaneous  trans- 
mission of  sound  through  a  flocculent  air-screen  in  one  direction 
and  its  absorption  or  dissipation  by  the  screen  in  the  opposite 
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direction,  (acoustic  *'  non-reversibility,'*)  is  obviously  inadmis- 
sible. Nor  is  the  supposition  of  acoustic  "  diffraction"  around 
the  defined  edge  of  a  vapor  cloud,  more  available. 

Professor  Tvndall  in  his  recent  Preface  to  the  last  edition  U 
"Sound"  remarks  upon  this  observation  of  Henry  [9] — "t 
sufficient  reason  for  the  observed  non-reciprocity  is  to  be  found 
in  the  recorded  fact  that  the  wind  was  blowing  against  the 
shore-signal,  and  in  favor  of  the  ship-signal."  {Pfe/ace,  p.  xxi) 
But  he  offers  no  suggestion  how  this  "sufficient  reason"  is 
supjx)seii  to  apply.  As  it  is  well-known  that  an  ordinary  wind 
cannot  increase  the  range  of  sound  more  than  two  or  three  per 
cent  (an  amount  quite  inappreciable),  this  circumstance  alone  ifl 
wholly  inadequate  to  account  for  the  complete  suppression  of 
the  shore-signal  (a  ten-inch  steam- whistle)  from  the  distance  of 
three  miles  to  a  quarter  of  a  mile,  while  the  feebler  sound  of  the 
ship-signal  (a  six-inch  steam- whistle)  was  making  itself  dis- 
tinctly heard  throughout  the  three  miles.  Something  more 
therefore  than  the  direct  or  convective  action  of  the  wind 
must  be  invoked  to  explain  the  fact& 

Tyndall's  observation  [7]  on  the  aerial  or  ocean  echoes,  cat- 
resjx>nds  with  Henry  [10]  excepting  as  to  the  direction  of  the 
principal  echa  Tins  difference  is  doubtless  due  to  the  special 
arningement  of  the  surfaces  or  points  of  reflection  in  the  re- 
spet*tive  oases  observed.  Professor  Tvndall  connects  this  phe- 
nomenon with  that  of  acoustic  opacity  [6]  :  and  here  again  his 
tine  expt-rimental  skill  is  brought  into  requisition  to  demon- 
strtUo  the  reiUity  of  artiticial  "aerial  echoe&"  By  so  simple  a 
device  as  the  employment  of  the  flat  side  of  a  '*  bat-wing"  gas- 
jet,  the  sound  beam  from  a  reed  instrument  was  shown  to  be 
entirely  dotlected  from  one  sensitive  flame,  and  reflected  back 
towar^i  another. 

This  view  of  a  relation  l>etween  the  acoustic  opacity  outward 
or  seawarvl,  and  the  reinforcement  or  reflection  of  sound  in- 
warvi.  is  in  striking  aoov>rd  with  Duane  [G],  who  however  in 
rt^ferriniT  to  the  "  reflection '  of  sound,  noes  not  specifically 
alhulo  to  the  ocean  ••  echo."  On  the  refraction  theory  also,  a 
nect^<;iry  result  is  that  a  deflection  of  tf;e  sound-beam  upward 
in  vMie  direction,  must  Iv  attendeil  with  a  downward  deflection 
and  vvn>ev|uont  increase  of  sound  in  the  opp*->site  direction. 

Pn^^fes^iv^r  lletiry  had  r\^ier!\\i  these  mystic  echoes  to  the 
crests  auvl  s1ojh?s  of  distant  waves :  ^in  conjunction  probably 
with  a  v*urvaturv  of  the  s^^nind- beams*  oi:^nstitutinff  a  kind  of 
aovHistic  "mi^lire,"^  To  this  suvrvrestion,  Pr^>fessor  Tvndall  op- 
iH\<t^  the  olvikTvativMi  that  "  the  ev*hvx^  have  otten  manifested 
an  a>:onish:nir  streuiith,  when  the  sea  was  of  slassv  smooth- 
ues6>/*     ^vV'^*'«.»\  /V/!,  p.  xxiii.^ 
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That  this  very  interesting  subject  presents  features  requir- 
ing still  further  and  more  refined  investigation  is  suflBciently 
obvious  from  the  single  consideration  that  aerial  opacity  and 
echo  have  not  been  shown  to  bear  that  direct  relation  which 
the  vapor  theoir  requires.  Professor  Tyndall  has  recorded 
that,  on  the  17tn  of  October  (1878),  ''It  is  worth  remarking 
that  this  was  our  day  of  longest  echoes,  and  it  was  also  our 
day  of  greatest  acoustic  transparency,  the  association  suggest- 
ing that  the  duration  of  the  echo  is  a  measure  of  the  atmo- 
spheric depths  from  which  it  comes.  On  no  day,  it  is  to  be 
remembered,  was  the  atmosphere  free  from  invisible  acoustic 
clouds ;  and  on  this  day  when  their  presence  did  not  prevent 
the  direct  sound  from  reaching  to  a  distance  of  16  or  16 
nautical  miles,  they  were  able  to  send  us  echoes  of  15  sec- 
onds duration."  (Trans,^  p.  202.)  If  these  echoes  were  not 
"  folded,"  this  would  represent  an  extreme  limit  of  about  a 
mile  and  a  hall  Our  most  powerful  sounds  cannot  afford  to 
waste  much  of  their  energy  on  echoes,  if  under  the  inexorable 
law  of  increasing  attenuation  as  the  square  of  the  distance 
they  are  to  be  audible  through  a  range  of  16  miles:  less  than 
the  400th  of  the  intensity  at  one  nautical  mile,  that  is  heard 
at  the  distance  of  100  yards  from  the  source ;  and  one  25Hth 
of  this  at  the  distance  of  16  nautical  miles,  or  less  than  the 
hundred  thousandth  of  the  intensity  at  100  yards.  And  the 
inference  is  strong  that  in  such  a  case  accompanying  echoes 
must  be  derived  from  sound  beams  in  a  somewhat  aiflerent 
direction. 

Further  observations  are  needed  also  to  ascertain  whether 
these  aerial  screens  of  unequal  density  and  acoustic  opacity 
are  capable  of  returning  echoes  on  opposite  sides,  as  is  to  be 
expected  if  we  may  accept  the  analogy  of  catoptrics :  and 
whether  the  echoes  are  as  fre(]^uently  heard  from  steamers  in 
mid-ocean,  or  whether  they  mamly  attach  themselves  to  coast 
lines.  As  Professor  Henry  has  well  stated :  **  Much  farther 
investigation  is  required  to  enable  us  to  fully  understand  the 
effects  of  winds  on  the  obstruction  of  sound,  and  to  determine 
the  measure  of  the  effect  of  variations  of  density  in  the  air  due 
to  inequality  of  heat  and  moisture."     {L.  H,  Rep.^  p.  117.) 

As  the  last  of  the  series  here  selected,  Tyndall's  observation 
[8]  agrees  well  with  the  observation  of  Duane  [1], 

[To  be  concluded.] 
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Art.  IV. — Effect  of  Temperature  on  Ike  Power  of  Solutions 
Quiniue  to  rotate  Polarized  Light.  The  corrections  to  he  apph 
for  the  same.  Suggestions  regarding  the  preparation  to  be  m 
when  Quinine  is  employed  as  a  Medicine;  by  John 
Draper,  Professor  of  Nataral  History,  College  of  the  Ci 
of  New  York. 

In  an  admirable  article  on  "  The  Action  of  the  Solution 
certain  Substances  on  Polarized  Light,"  by  O.  Hesse,  in  t 
Annalen  der  Chemie  for  1875,  the  wnter  after  dealing  at  leug 
with  the  varying  action  of  the  alkaloids  on  a  beam  of  polariz 
light  says:  "If  we  now  take  into  consideration  the  fact  tl 
transparent  bodies,  as  water  and  alcohol,  are  able,  under  t 
influence  of  electro-magnetism  to  deflect  the  plane  of  polariz 
light,  although  this  property  does  not  otherwise  belong  to  thei 
and  that  the  optical  powers  of  a  substance  can  be  influenced 
mero  mechanical  means,  as  Scheibler  has  proved  in  certa 
kinds  of  glass ;  we  must  admit,  that  '  There  is  no  real  relaL 
between  the  rotating  power  of  a  substance  and  its  molecules.^ "  ] 
then  adds,  **The  rotating  power  of  a  substance  is  simply  t 
result  of  the  variable  action  of  its  factors,  viz :  the  arrangeme 
of  the  molecules  as  regards  the  volume,  the  solvent,  t 
temperature,  the  concentration,  the  chemical  combination,  t 
dissociation  and  other  things." 

The  importance  of  utilizing  the  rotation  power  of  quini 
for  the  practical  purposes  of  analysis  has  induced  me  to  i 
deavor  to  determine,  as  far  as  possible,  the  corrections  to 
applied  for  the  variations  in  question,  and  especially  for  the 
dependent  on  temperature.  Concerning  this,  A.  Bouchan 
says,  "  variation  in  temperature  causes  variation  in  the  rotati 
power  of  quinine."  In  the  paper  mentioned  above,  O.  He 
says,  "  in  the  case  of  Thebaine  and  Quinine  the  rotation  dim 
ishes  under  an  increase  of  temperature;"  but  he  afterward  ad 
"I  found  that  the  variation  between  15®  C.  and  25®  C.  v 
insignificant" 

In  my  experiments  the  polariscope  employed  belonged  to  i 
friend,  Dr.  K.  A.  Witthaus.  It  was  made  by  Laurent,  of  Pai 
and  read  by  verniers  to  two  minutes.  The  tube  was  of  gl 
220  millimeters  in  length,  with  a  lateral  aperture  near  the  C( 
ter,  through  which  a  thermometer  was  introduced  for  the  det 
mination  of  temperature.  Around  this  tube  I  placed  a  wa 
jacket,  the  temperature  of  which  was  easily  raised  to  and  k( 
at  any  required  degree,  by  the  injection  of  steam  through  a  pi 
which  passed  to  the  bottom  of  the  jacket.  Having  satisfi 
myself  by  a  series  of  experiments  that  extreme  variations 
temperature  in  the  water  of  the  jacket,  or  bath,  did  not  prodi 
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any  appreciable  effect  upoa  the  indications  of  the  inBtrument 
itself,  1  proceeded  to  the  determination  of  the  rotation  power  of 
the  purest  BampJe  of  quinine  I  could  procure. 

Bearing  in  mind  the  statement  quoted  above,  that  the  con- 
centnitioD,  solvent  and  chemical  combination  have  their  in- 
fluence on  the  amount  of  rotation,  I  assumed  specific  conditions 
lor  the  preparation  of  the  experimental  solutions  which  might 
be  easily  reproduced.  They  wei'e,  Ist,  the  use  of  theuncom- 
bined  alkaloid  quinine,  carefully  dried  over  strong  sulphuric 
acid,  2d,  ninety-seven  per  cent  alcohol  as  the  solvent  and  a 
concentration  proportion  of  one  gram  of  quinine,  to  fifty  cubic 
centimeters  of  the  alcoholic  solution.  For  tbe  sf^e  of  con- 
venience the  factors  required  in  calculating  the  results  are 
presented  in  the  following  tabular  arrangement,  viz : 

V.  volume  of  97  p.  c  alcoholic  eolmion^SO  cubic  cenUmeters. 

p.  weight  of  quinine  ^  1  gram. 

A.  length  of  tube  =220  millimeters. 

o^angle  of  rotation  observed  with  sodium  flame. 


observations   on   four  solutions   at  a  temperature   of  25°  C. 
being  a=  — d-TttS"  we  have 

(Ij    ^"^^=       220X1      ^^^"^ 
[a]y  =  -164-30''at25°C. 
Raising    the    temperature   to  47°   C.   tbe   average   of  200 
observations  on  the  same  solutions  as  before  was  «=  — 6246° 
from  which  by  tbe  formula  we  have 

r  T  .     -6245°x50    ,^ 
^2)    ^''^'=      220X1       ^^'^"^ 
[a]y  =  -141-9S°at47°C. 
The  difference  of  temperature  in  (1)  and  (2)  being  22°  C. 
and  the  difference  in  tbe  angle  of  rotation  12  37°,  it  follows  that 
r  C.=  ■56-i°  difference. 

That  is,  in  a  solution  of  quinine  of  tbe  strength  in  question, 
viz:  20  milligrams  of  alkaloid  to  one  cubic  centimeter  of 
alcoholic  solution,  for  each  additional  degree  Centigrade  of 
temperature  the  angle  of  rotation  diminishes  -562  of  a  degree. 

Tlo  ensure  the  correctness  of  these  figures  I  caused  my  assis- 
tant, Mr.  Ivan  Sickels,  also  to  carry  out  a  series  of  experiments, 
and  the  result  of  seven  hundred  observations  at  temperatures 
between  25°  C.  and  47°  C.  gave  figures  which  only  diftered  in 
the  third  decimal  place.  We  are  tiierefore  justified  in  employ- 
iag  the  correction  in  question  for  values  in  the  vicinity  of  26° 
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C.  which  closely  approaches  the  temperature  at  which  su 
observations  are  made  in  actual  practical  work. 

Effect  of  variation  in  the  Propwtion  of  Alcohol  in  the  Solution. 
Hesse  having  shown  that  the  strength  of  the  alcohol  ha 
marked  eflFect  on  the  rotating  power  of  quinine,  it  follo\^ 
that  perhaps  variation  in  the  proportion  of  quinine  dissolved 
a  given  specimen  of  alcohol  would  also  give  variation  in  1 
power  of  rotation.  In  the  examination  of  this  problem  I  € 
ployed  a  freshly  prepared  solution  of  one  gram  of  undr 
quinine  in  50  cubic  centimeters  of  97  per  cent  alcohol  1 
average  of  100  readings  of  the  angle  of  rotation  at  vari( 
temperatures  from  20°  C.  to  50°  C.  was 

(8)    a=-605°at35°C. 

To  the  above  50  cubic  centimeter  solution  60  cubic  centii 
ters  of  the  same  alcohol  were  added,  forming  a  solution  of  h 
the  strength  of  the  first  solution.  The  average  of  100  re 
ings  at  similar  temperatures  was 

(4)  a=-2-6rat86°0. 

To  this  second  solution  an  equal  volume  of  alcohol  viz :  1 
c.  c.  was  added,  giving  a  solution  of  one  quarter  the  strent 
of  the  first     The  average  of  100  similar  readings  was 

(5)  a=-l-27°at86°C. 

In  the  first  solution  (8)  p=i  and  i;=  50 
In  the  second  solution  (4)p=l  and  v=100 
In  the  third  solution   (5)  p=l  and  t;=200 

By  the  formula  [o[]j=- XlOO  we  have 

—  fi*05®vf)0 
For  (3)     [ay  =     ^^^^j^xlOO=  -ISTSO"  at  85°  C. 

2*61°y  100 

For  (4)     [a]j  ==_^^^-xl00=-118-64°  at  86°  C. 

For  (5)     [a]y  =  — 22^~— lxi00=-115-45°at36°C. 

From  the  above  experiments  we  perceive  that  the  eflFect  of 
dilution  by  alcohol  of  the  solution  of  quinine  is  to  lessen 
power  of  rotation,  and  as  far  as  the  experiments  have  been  co 
ducted  this  eflFect  is  more  marked  in  the  first  degree  of  dilutr 
than  in  the  second. 

The  repetition  of  these  experiments  by  Dr.  R  A.  Wittha 
and  Mr.  Sickels,  on  a  similar  series  of  solutions  made  with  t 
same  alcohol  and  an  undried  specimen  of  quinine,  gave  t 
following  averages  of  many  hundred  readings. 
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In  the  Ist  solution  (6)/>=l  •  -t^zrSO.  -A=220.  -/yzz  -6-68°at  29''  C. 
In the2d  solution  (7)jo=l  • -wizrlOO.  .Az=220.  •«=  — 2-40°  at31°  C. 
In  the  3d  solution  (8)/>=:l . .  r=200  •  •  A=220 .  •  az=  -  1 '17°  at  36°  C. 

By  the  formula  r^li  =^^ X 100  we  have 

5*58^x50 

For  (6)     [a]j  =_^--^X  100=  - 126-82°  at  29°  C. 

— 2*40°  X 100 
For  (7)     M  j  =  — J20^T~  ^  ^^=  -109-09^  at  31°  C. 

— 1-17°  X  200 
For  (8)     My  =  -^20xl~'^-^^^'"'"-^^^*^^''  ^^  ^^°  ^* 

Here  again  we  perceive  that  the  effect  of  dilution  is  to 
diminish  the  power  of  rotation,  and  to  about  the  same  extent 
and  in  the  same  manner  as  in  my  series  of  observations.  It  is 
therefore  evident,  that  to  secure  results  suitable  for  a  reliable 
comparison,  the  solutions  of  quinine  employed  should  be  as 
nearly  as  possible  of  the  same  strength.  The  proportion  which 
according  to  my  experience  it  is  most  desirable  to  use  is  that 
of  about  one  gram  of  alkaloid  to  50  cubic  centimeters  of 
alcoholic  solution.  While  a  greater  strength  than  this  does  not 
present  any  advantage  in  a  tube  of  220  millimeters,  it  is  objec- 
tionable on  account  of  its  obstructing  the  passage  of  the  light. 

Quiriine  combined  with  Sulphuric  Acid, — For  the  examina- 
tion of  this  compound  of  quinine  I  prepared  a  solution 
which  held  the  same  proportion  of  quinine  alkaloid  in  a 
given  portion  of  the  solution  as  that  contained  in  the  alco- 
faolic  solution.  The  solution  was  made  by  taking  one  gram 
of  drie<l  quinine,  dropping  it  into  about  30  cubic  centimeters 
of  distilled  water,  and  adding  just  sufficient  sulphuric  acid 
to  dissolve  it.*  The  quantity  was  then  made  up  to  50 
centimeters  with  distilled  water,  and  the  220  millimeter  tube 
tilled  therewith. 

At  a  temperature  of  21°  C.  the  average  rotation  as  deter- 
mined by  100  observations  was  —11*36°.     By  the  formula 

\a\  j  =  z X 100  we  have 

^  ■'•^     AX/> 

(9)  My =—220^X100= -258-18°  at  21°  C. 

The  temperature  of  the  solution  in  the  tube  was  then  raised 
by  means  of  the  water  jacket,  and  the  average  of  100  observa- 
tions was  a=- 10-73°  at  43°  C.     By  the  formula 

—  10-7S°y  50 

(10)  [a]y  =  — 5^xl~  ^  100=  -243-86°  at  43°  C. 

*  This  solution  was  employed  as  being  similar  to  that  used  by  physicians. 
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The  difference  in  temperature  being  22®  0.  and  the  difference 
in  rotation  14*32°,  we  have 

1°  O.  =  '650°  difference  in  rotation. 

That  is,  for  every  rise  of  one  degree  Centigrade  the  rotation 
diminishes  *650  or  nearly  two  thirds  of  a  degree  in  a  solution 
of  sulphate  of  quinine  in  which  there  is  one  gram  of  alkaloid 
to  50  cubic  centimeters  of  solution. 

Effect  of  variation  in  the  proportion  (f  water. — A  solution  of 
sulphate  in  water  prepared  as  before  and  containing  one  gram 
of  alkaloid  to  50  c.  c.  of  solution  when  examined  under  a 
variety  of  temperatures,  gave  as  the  average  result 

(11)  a=:-1108°at81i°C. 

This  solution  diluted  by  an  addition  of  50  c.  c.  of  dis- 
tilled water  by  which  v  was  raised  from  50  to  100  gave  under 
a  similar  variety  of  temperatures  the  average 

(12)  ^r=-518''at32^C. 

Adding  100  c.  c.  of  water  to  the  last  solution  and  thereby 
raising  v  to  200,  gave  under  the  same  conditions 

(13)  ti=-2-58°at31i°C. 

Arranging  these  in  a  tabular  form  we  have 

For  (11)  p=l..y=50-.a=- 11-03° 
For  (12)  p=I--t;  =  100--ry=:-5-18° 
For  (13)        jo=l-.r=200..a=--2-58° 

From  these  by  the  formula  \oc\j  =  - xlOO  we  have 

—  ll*OS°y  ^0 

For  (11)      My  =  -"22^3^-  X100=  -250-70°  at  31i°  C. 

For  (12:1       [ay  =  — ^__x  100=  -235-45°  at  32"  C. 

—  2 '58°  X  200 

For  (13)       My  =  — 220X1""^^^^"" -234-54°  at  3Ii°  C. 

Conclitsions, 

(rt.)  In  the  case  of  the  sulphate,  as  has  also  been  shown  by 
Hesse  and  others,  there  is  a  greatly  increased  rotation  power 
imparted  to  the  alkaloid  by  its  union  with  the  acid.  In  the 
experiments  presented  the  values  are :  for  one  gram  of  alkaloid 
to  50  cubic  centimeters  of  solution  [o'jy  =  —  154*30°  at  25°  C. 
for  the  alkaloid  :  for  one  gram  of  alkaloid  -f  sulphuric  acid  to 
50  c.  c.  of  solution  in  water  [^y]y  =  — 258-18°  at  21°  C,  which 
applying  the  correction  of  -650^^  for  each  degree  Centigrade 
becomes  [^*']y= -255*48°  at  25°  C.  for  the  sulphate. 

(J.)  The  aqueous  solution  of  sulphate  shows  the  same  changes 
under  the  influence  of  temperature  as  the  alcoholic  solution  of 
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he  alkaloid,  the  diflference  being  in  the  case  of  the  alkaloid  1° 
:.=-562^  and  in  the  case  of  the  sulphate  1°  C.=-660°. 
(c)  In  both  the  sulphate  aqueous  solution  and  the  alcoholic 
Ikaloid  solution,  there  is  the  same  diminished  rotation  under 
lilution,  and  this  occurs  chiefly  in  the  first  dilution  as  is  shown 
Q  the  following  table : 

Alkaloid  Solution.  Sulphate  Solution. 

y  =  -250-70°at3l4°C. 
yz=-236-45°at32°  C. 


8t  dilution  ray=— 137-60°  at  36°  C.  [a 


a 


Id  dilution  [0]^=— 118-64°  at  36°  C. 

td  dilution  [ay=—l  16-46°  at  36°  C.  [a]^*=— 234*64°  at  31^°  C. 

In  closing,  I  would  direct  attention  to  the  results  indicated  in 
lODclusion  (a),  wherein  we  find  that  the  presence  of  sulphuric 
icid  has  changed  the  rotation  power  of  a  given  weight  of  the 
Jkaloid  from  — 154*30°  to  —  255 '48'*;  and  I  ask,  is  it  not  possible, 
my,  even  probable,  that  the  physiological  action  of  the  drug  may 
indergo  a  similar  or  perhaps  even  greater  increase?  In  past 
ames  it  was  the  custom  to  administer  quinine  in  the  form  of  a 
mlphuric  acid  solution,  and  the  results  were  certain  and  prompt 
even  with  minute  doses.  In  recent  times,  on  the  contrary,  the 
Eaocy  of  patients  demands  that  quinine  should  be  given  in  pill 
or  some  allied  form ;  and  though  greatly  increased  doses  are 
used,  the  practitioner  finds  it  is  less  certain  in  its  effect.  The 
caase  of  the  difierence  is  doubtless  the  change  in  molecular 
arrangement  that  produces  the  marked  diflei'ence  in  the  action 
of  the  alkaloid  and  sulphate  solutions  on  polarized  light;  and 
>iDee  the  action  of  the  sulphate  solution  is  so  much  greater  than 
that  of  the  alkaloid  solution  it  is  evidently  the  proper  form  for 
the  administration  of  Quinine  as  a  Medicine. 

College  of  the  City  of  New  York,  Oct.  29,  1875. 


Art.  y. — DescriiHion  of  some  remains  of  an  Extinct  Species  of 
Wolf  and  an  Extinct  Species  of  Deer  from  the  Lead  Region  of 
the  Upper  Mississippi ;  by  J.  A.  Allen. 

The  remains  described  in  the^present  paper  form  part  of  the 
collection  of  mammalian  fossils  made  many  years  since  by 
Professor  J.  D.  Whitney,  from  the  lead-crevices  and  superficial 
strata  of  the  lead  region  of  Wisconsin,  Iowa,  and  Illinois,  being 
4  part  of  those  enumerated  by  the  late  Professor  Jeflfries  Wy- 
man  in  Whitney's  Geological  Report  of  the  Lead  Region  of  the 
Upper  Mississippi  (pp.  421-423),  published  in  1862. 

The  collection  originally  contained,  besides  those  now  de- 
^ribed.  other  remains  belonging  to  the  genera  Mastodon^  Mega- 
^'yx  and  Platygojius,  and  an  extinct  species  of  Bison.      In 
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addition  to  these  I  find  an  imperfect  radius  that  seems  not  to 
differ  at  all  from  that  of  a  young  male  Gervus  Canadensis^  and  a 
part  of  another  radius  that  does  not  differ  appreciably  from  the 
corresponding  part  of  a  radius  of  Antilocapra  Americana^ 

The  remains  of  the  fossil  deer  now  described  are  those  men- 
tioned by  Professor  Wyman,  namely  a  left  metatarsus,  a  hume- 
rus and  a  radius,  all  more  or  less  imperfect*  Professor 
Wyman  described  the  humerus  as  "  closely  resembling  that  of 
the  red  deer,  and  of  intermediate  size  between  this  and  the 
humerus  of  the  caribou."  As  these  cervine  remains  evidently 
belonged  to  a  species  different  from  any  hitherto  described, 
either  extinct  or  living,  I  propose  for  it  the  name  Oervus  Whit- 
neyi,  in  honor  of  their  discoverer,  Professor  J.  D.  Whitney. 

The  remains  of  Canis  consist  of  a  femur,  two  tibiae  and  a 
humerus  (the  latter  and  one  of  the  tibiae  in  perfect  condition), 
and  mav  not  have  been  those  mentioned  bv  Professor  Wyman, 
although  he  enumerates  parts  corresponding  to  these;  since  it 
seems  impossible  that  he  could  have  described  them  as  not  dif- 
fering in  size  from  corresponding  parts  of  the  **gray  wolf 
{Canis  occidentalis  Dekay, — C.  griseus  Sabine),"  and  as  being 
not  distinguishable  from  them;  they  in  reality  indicating  a 
species  of  nearly  twice  the  size  of  that  animal.  The  rami  and 
"  fragment  of  a  right  upper  jaw"  mentioned  by  Professor  Wy- 
man as  belonging  to  the  same  species  are  not  now  in  the  collec- 
tion. This  species  seems  to  correspond  in  size  quite  nearly 
with  the  Cam's  dirus  which  Leidy  described  (first  under  the  pre- 
occupied name  of  primcevus,  and  still  later  under  the  name  of 
lndianensis)\  from  a  portion  of  an  upper  jaw  found  with  the 
remains  of  Megalonyx^  Tapirus,  Equus  and  Cervus  Virginianus 
in  the  banks  of  the  Ohio  River  near  Evansville,  Indiana,  and 
also  with  the  Canis  llaydeni  Leidy,  described  later  from  the 
Pliocene  sands  of  the  Niobrara  River  from  a  fragment  of  a  right 
ramus.  Since  of  the  present  species  we  have  only  a  few  of  the 
bones  of  the  limbs,  it  may  be  better  to  give  it  a  provisional 
name  than  to  refer  it  to  either  of  the  species  already  described, 
and  await  the  reception  of  additional  material  to  show  their  re- 
lationship. I  accordingly  propose  for  this  species  the  name 
Canis  Mississippiensis,  As  previously  noticed,  the  remains 
associated  with  those  now  described  nearlj^  all  belonged  to  ex- 
tinct species,    and  to    the  fauna   immediately  preceding  the 

♦  Another  specdmen  referred  to  under  the  head  of  Cervus  by  Professor  Wyman 
as  "  an  imperfect  humerus  of  a  much  smaller  ammal  than  the  preceding"  belongs 
to  the  extinct  peccary,  {Platygonua  compreaaus). 

f  Canis  primcevus  Leidy,  Proa  Acad.  Nat.  Sci.  Phila.,  vii,  200,  1854.  Joum., 
Acad.  Nat  Sd.  Phila.,  iii,  167,  pi.  ivii,  figs.  11,  12,  1856.     (Name  preoccupied). 

Canis  dirus  Leidt,  Proc.  Acad.  Nat.  Sci.  Phila.,  1858,  21.      (Same  specimen.) 

Canis  Indianensis  LEmY,  Joum.  Acad.  Nat.  Sci  Phila.,  vii,  368,  1867.  (Same 
specimen.) 
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present  The  bones,  though  light  and  somewhat  soft,  are  still 
white  and  in  an  excellent  state  of  preservation,  and,  though 
some  are  broken,  have  not  suffered  much  abrasion.  The  hume- 
rus of  the  wolf  shows  the  marks  of  the  teeth  of  some  small 
rodent 

Cants  Mississifpibnsis,  sp.  nov. 

The  remains  of  this  species,  consisting  of  a  perfect  ri^ht 
humerus,  the  distal  two-thirds  of  a  rignt  femur,  an  entire 
left  tibia  and  the  greater  portion  of  a  right  tibia,  indicate  a 
species  of  nearly  if  not  quite  twice  the  bulk  of  the  existing 
larue  wolf  of  the  northern  hemisphere  {Cants  lupus),  and  which 
had  a  stature  fully  one-lifth  greater,  the  difference  between 
them  being  nearly  as  great  as  that  between  Cants  luptis  and 
Canis  latrans.  The  bones  do  not  differ  appreciably  in  respect 
to  form  from  those  of  Cahis  lupus.  Their  measurements  (given 
iu  millimeters),  in  comparison  with  those  of  the  corresponding 
bones  of  a  specimen  of  Canis  lupus  (number  268  of  the  Museum 
of  C<imparative  Zoology)  from  Kansas  are  as  follows : — 

Comparative  Measurements  of  Bones  of  Cants  Jlississippiensis 

and  Canis  lupus, 

0.  ICiBsissippiensis.    0.  lupus. 

Humerus.— Total  length, 228  176 

Greatest  diameter  of  proximal  end, 55  44 

Antero-posterior  diameter  of  head, 41  84 

Greatest  transverse  diameter  of    distal 

end,    - 46  87 

Greatest  antero-posterior  diameter  of  in- 
ner condyle, 36  28 

Least  circumference  of  shaft, 62  60 

/%/// Mr. —Total  length, 193 

I'ransvcrse   diameter  of  axis  and  great 

trochanter, 46 

Transverse  diameter  of  condyles, 43  35 

Antero-posterior  diameter  of  condyles  (in- 
ner side),  .-. 63  39 

Least  circumference, 66  44 

Length  of  cor  responding  parts  (distal  two- 
thirds),  165  123 

7V^/a.— Total  length, 244  200 

Transverse  diameter  of  head, 47  38 

Antero-posterior  diameter  at   most   ele- 
vated point  of  the  tuberosity, 43  36 

Transverse  diameter  of  distal  end, 31  24 

Least  circumference  of  shaft, 52  43 

Cervus  Whitneyi,  sp.  nov. 

The  remains  of  this  species,  consisting  of  a  left  humerus,  en- 
tire except  lacking  the  proximal  epiphysis,  a  left  radius,  also 

Am.  Jour.  Sci.— Thikd  Skbies,  Vol.  XI,  No.  61.— Jan.,  1876. 
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lacking  the  distal  end,  and  a  right  metatarsal,  which  has  also 
lost  the  distal  termination,  indicate  a  species  of  about  the  same 

Proportions  as  Gervxis  Virginianus,  but  much  larger,  considera- 
\y  exceeding  in  size  Cervus  macrotis.  The  measurements 
given  below  indicate  the  fossil  species  to  have  been  at  least 
one-seventh  larger  than  C  macrotis^  and  apparently  more  than 
one-fifth  larger  than  C,  Virginianiis.  A  comparison  of  the 
bones  themselves  give  a  stronger  impression  of  the  greatly 
larger  size  of  the  fossil  species  than  do  the  tabulated  measure- 
ments. In  respect  to  form,  the  humeri  of  the  three  species  do 
not  materially  differ,  although  the  condyles  in  G  macrotis  have 
a  rather  greater  relative  breadth  than  in  either  of  the  other 
species.  The  radius  also  differs  but  little  in  form  in  the  three, 
bat  in  the  fossil  species  the  ulna  (it  has  now  been  broken  away 
and  is  lost)  was  solidly  anchylosed  with  the  radius  nearly 
throughout  its  length,  being  free  only  near  its  distal  extremity, 
whereas  in  C.  macrotis  it  is  anchylosed  for  only  its  middle  por- 
tion, being  not  only  free  proximally  as  well  as  distally,  but  for 
quite  a  space  near  the  proximal  end  does  not  even  touch  the 
radius,  there  being  an  interval  of  fully  two  millimeters  between 
them.  In  G.  Virginianns  the  radius  and  ulna  are  nearly  as  fully 
anchylosed  as  in  the  fossil  species.  The  metatarsal  bone  is 
similar  in  form  to  that  of  G  macrotis^  except  that  it  is  relatively 
more  compressed  laterally  in  its  distal  portion,  and  seems  to 
have  been  (the  distal  end  is  lacking)  relatively  narrower  at  its 
lower  articulation.  In  this  respect  it  corresponds  more  nearly 
with  the  distal  portion  of  the  metatarsus  of  G  Virginianns^ 
which  is  much  rounder  and  relatively  more  slender  than  that  of 
G  macrotis.  The  metatarsal  of  the  fossil  species  differs  from 
that  of  G  Virginianiis^  however,  in  having  the  groo^'e  of  the 
posterior  surface  continued  much  further  distally  than  in  that 
species.  In  the  following  table  of  comparative  measurements 
the  specimens  taken  are  middle-aged  males,  the  Cervus  macrotis 
(No.  1781  of  the  Mus.  Comp.  ZooL),  being  frpm  the  Medicine 
Bow  Mountains,  Wyoming  Territory,  and  the  G  Virginianns 
(No.  1733  of  the  Mus.  Comp.  Zool.)  from  Maine. 

Comparative  Measurements  of  Bones  of  Cervus  Whitneyi^  Genms 

macrotis,  and  Cervus  Virginianns, 

C.  Whit-  C.  ma-  0.  Vir- 

neyi.  crotis.  ginianus. 

Humerus.— Totnl  length, 227  220 

Length  from  most   prox.   part   of 
head  to  most  dist.  part  of  inner 

condyle, 203  200 

Breadth  of  condylar  surface, 48  42  38 

A ntero  posterior  breadth  of  inner 

condyle, 51  42  42 

Least  circumference  of  shaft, 86  76  78 


Chemistry  and  Physics.  51 

0.  Whit-  0.  ma-  C.  Vir- 

neyi  orotia  ginianus. 

i?aJiM«.— Total  length, 242  230 

Transverse    breadth    of   proximal 

end,    39  37 

Transverse  breadth  of  distal  end,..       41  38  36 

Least  transverse  diameter  of  shaft,       29  25  24 

Least  circumference, 80  68  66 

MelcOarsus. — Total  length, 273  265 

Transverse    breadth    of   proximal 

end, --       33  29  28 

Antero-posterior  breadth  of  proxi- 
mal end, 36  32  30 

Transverse  breadth  of  distal  end, 36  33 

Least  transverse  diameter  of  shaft,      22  21  18 

Least  circumference  of  shaft, 67  66  58 

Length  of  corresponding  portions 

(proximal  five-sixths), 273  232  220 


SCIENTIFIC    INTELLIGENCE. 
I.  Chemistky  and  Physics. 

1.  Action  of  Nitric  Acid  on  Silver  aiid  Copper^  alone  and  in 
presence  of  Nitrates,— Acworth  has  examined  at  length,  in  the 
laboratory  of  Dr.  Frankland,  the  gases  which  are  evolved  by  the 
action  of  nitric  acid  on  metals,  both  with  and  without  the  pres- 
ence of  nitrates  in  the  solution.  The  following  are  his  conclu- 
sions :  (1)  cold  dilute  nitric  acid  acting  on  copper  evolves  nearly 
pare  nitrogen  dioxide;  (2)  in  presence  of  a  strong  solution  of  cu- 
pric  nitrate,  this  same  action  gives  rise  to  nearly  pure  nitrogen  mon- 
oxide ;  (-i)  potassium  nitrate  has  no  effect ;  (4)  anmionium  nitrate 
causes  the  evolution  of  nitrogen  and  nitrogen  monoxide,  mixed  with 
some  dioxide  ;  (5)  nitric  acid,  acting  on  zinc  or  iron  in  presence  of 
ammonium  nitrate,  evolves  nearly  pure  nitrogen;  (6)  mercury 
under  the  same  circumstances  acts  similarly ;  (7)  on  silver,  the 
gaseous  products  are  nitrogen  and  nitrogen  dioxide,  with  scarcely 
a  trace  of  the  monoxide ;  (8)  in  presence  of  ammonium  nitrate, 
silver  produces  nitrogen  chiefly,  mixed  with  a  little  nitrogen  diox- 
ide.— r/.  Chem.  Soc.y  II,  xiii,  828,  September,  1875.  g.  f.  b. 

2.  On  the  Conde7isability  of  the  Gaseous  Products  of  the  vis- 
tillution  of  Carbonaceous  Shales. — Distillation  of  carbonaceous 
shales  at  a  low  temperature,  is  extensively  resorted  to,  as  is  well- 
known,  for  the  production  of  liquid  hydro-carbons  for  illumina- 
ting purposes.  The  large  amount  of  gas  simultaneously  produced, 
and  its  high  illuminating  power,  suggested  to  Coleman  a  se- 
ries of  experiments  upon  the  condensability  of  these  gaseous  pro- 
ducts. For  this  purpose  a  compression-pump  was  provided,  by 
which  the  gas  was  condensed  into  an  iron  tube.     This  tube  was 


52  Scientific  Intelligence. 

slightly  inclined,  and  at  about  three-fourths  of  its  length,  a  reser- 
voir was  placed.  Beyond  this  the  gas  passed  throusrh  copper 
tubes  which  were  immersed  in  a  freezing  mixture.  Upon  the 
main  tube  was  a  safety  valve  which  allowed  the  pressure  to  be 
regulated  at  pleasure ;  this  was  maintained  at  about  140  pounds 
to  the  square  inch.  In  the  fii-st  experiment,  638  liters  of  gas  were 
passed  tlirough  the  apparatus,  in  the  second  467  liters,  and  in  the 
third  1274  liters.  In  both  reservoirs,  84  c.  c.  of  liquid  was  ob- 
tained in  the  first  experiment,  77  c.  c.  in  the  second,  and  195  c.  c. 
in  the  third.  Of  the  77  c.  c,  64  c.  c.  of  sp.  gr.  '690  condensed  in 
the  first  reservoir  (i.  e.,  by  pressure  alone  without  cold)  and  23  c.  c. 
in  the  second,  of  sp.  gr.  '650.  Of  the  195  c.  c,  114  c.  c.  of  sp.  gr. 
•691  condensed  at  +  16°,  and  81  c.  c,  of  sp.  gr.  '658,  condensed 
at  — 18^.  As  a  mean  therefore  each  liter  of  gas  yielded  about  '158 
c.  c.  of  liquid  of  sp.  gr.  "680 ;  which  is  equivalent  to  one  gallon 
for  each  1000  feet  of  gas.  After  this  treatment  the  gas  was  found 
to  have  lost  its  illummating  power,  giving  no  more  light  when 
burned  from  a  bat  wing  jet  than  does  a  Bunsen  burner.  From 
this  and  other  facts,  the  author  concluded  that  ethylene  is  absent 
from  shale  gas.  Common  coal  gas  when  subjected  to  this  treat- 
ment gave  no  appreciable  quantity  of  liquid.  The  shale  product*, 
by  weight,  therefore,  which  are  obtained  on  distillation,  are : — 
non-luminous  combustible  gas  20*9  per  cent ;  volatile  liquids,  sp. 
gr.  '680  dissolved  as  vapors  in  the  gas  4*9  per  cent ;  commercial 
paraffins,  su.  gr.  •700-*800,  52*3  per  cent ;  tarry  acid  or  basic  bod- 
ies 21*9  per  cent.  TTie  author  proposes  a  method  for  commer- 
cially preparing  these  light  oils  from  the  gas. — J.  Chetn.  Soc,  11, 
xiii,  850,  bept.,  1876.  G.  F.  B. 

3.  On  the  ^edico4egdl  determination  of  Arsenic, — Having  occa- 
sion to  i-evise,  for  purposes  of  physiological  investigation,  the 
methods  ordinarily  employed  for  the  detection  of  arsenic  in  the 
tissues,*  Gautikr  ascertained  that  they  were  seriously  deficient  in 
quantitative  exactness.  He  thereupon  devised  an  improved  method 
of  separating  the  arsenic  from  tne  organic  matter,  based  upon 
those  of  Ortlla  and  Filhol,  and  a  modification  of  the  method  of 
^larsh,  by  which  the  arsenic  is  obtained  in  a  weigh  able  form. 
The  former  is  as  follows: — 100  ^rams  of  the  finely  divided  ani- 
mal matter  is  placed  in  a  porcelain  capsule  with  30  grams  pure 
nitric  acid,  and  moderately  heated.  At  first  the  mass  liquefies, 
then  it  thickens  and  becomes  orange-colored.  The  capsule  is 
taken  from  the  fire  and  5  grams  pure  sulphuric  acid  are  added. 
Heat  is  again  applied  till  white  fumes  appear.  Then  10  or  12 
grams  of  nitric  acid  is  allowed  to  flow  drop  by  drop  on  the  resi- 
due, and  it  is  heated  to  carbonization.  An  easilv  pulverizable 
mass  is  thus  obtained,  which  is  exhausted  with  boiling  water, 
filtert^d,  the  filtrate  reduced  with  a  few  drops  of  hvdro-sodium 
sulphite,  and  precipitated  as  usual,  by  a  current  of  hydrogen  sul- 
phide. The  arsenous  sulphide,  transformed  into  arsenic  oxide  by 
nitric  acid,  is  ready  for  the  :\Iarsh  apparatus.     This  consists  of  a 

♦  See  this  Journal  for  December,  1875,  pa^  474. 
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flask  of  180  to  200  c.  c.  capacity,  having  two  tubulures,  and 
placed  in  a  vessel  of  cold  water.    In  it  are  placed  25  grams  of  pure 
zinc,  on  which  is  poured  sulphuric  acid  diluted  with  five  parts  of 
water.     The  disengaged   gas   passes  through   cotton    and    then 
through  a  tared  glass  tube  heated  to  redness  by  charcoal  for  a 
length  of  20  to  25  cm.    The  air  being  expelled,  the  arsenic,  mixed 
with  more  dilute  sulphuric  acid  is  poured  into  the  apparatus  in 
small  portions,  an  hour  being  required  for  the  introduction  of  6 
milligrams  of  arsenous  oxide.     The  action  is  kept   up  for  two 
hours  longer,  by  which  time  all  the  arsenic  has  been  carried  over. 
Copper  sulphate  hinders,  platinum  chloride  facilitates  the  separa- 
tion of  the  arsenic  from  the  solution.     After  the  evolution  of  gas 
ceases,    the  tube  containing  the  annulus  of  arsenic   is   weighed 
again  and  the  amount  of  arsenic  determined.     The   results  are 
very  accurate.     In  two  experiments,  in  which  5  milligrams  arsen- 
ous oxide  were  mixed  with  100  grams  muscular  tissue,  the  rings 
weighed  3*72  and  3*67  milligrams  respectively ;  the  theoretical 
quantity  being  3*79  milligrams.     In  a  third,  2^  milligrams  arsen- 
ous oxide  were  mixed  with  100  grams  blood ;  the  annulus  weighed 
1*78  milligrams,  the  calculated  weight  being  1*88  milligrams.     In 
2*1  grams  of  the  brain  of  a  rabbit,  fed  for   15  days  with  doses  of 
arsenous  oxide  gradually  increasing  from  5  to  50  milligrams,  the 
arsenic  recovered  was  sufficient  to  give  a  brilliant  ring  nearly  a 
centimeter  long.     A  vigorous  dog  was  fed  with  gradually  increas- 
ing doses  of  arsenous  oxide,  from  4  to  80  milligrams,  for  a  month. 
100  grams  of  the  liver  yielded  5*3  milligrams,  and   100  grams  of 
muscle    yielded  0*27  milligram   of  metallic    arsenic. — Bull.  Soc, 
Ch,  II,  xxiv,  250,  Oct.,  1875.  G.  F.  B. 

4.  Fonnatlon  of  Nitrites  by  Bacteria. —The  presence  of  nitrites 
in  spring  waters,  which  has  usually  been  ascribed  to  the  oxida- 
tion of  ammonia  therein,  is  now  stated  by  Meusel  to  be  pro- 
duced by  the  reduction  of  nitrates  by  thi*  agency  of  bacteria.  In 
proof  of  this,  he  shows :  that  such  water  which  contained  bac- 
teria and  nitrates,  but  neither  ammonia  nor  nitrites,  gave,  after 
standing  four  days,  the  reactions  of  nitrous  acid  ;  that  antiseptics 
such  as  salicylic  acid,  phenol,  benzoic  acid,  alum,  and  much  salt 
even,  prevent  or  hinder  the  production  of  nitrites ;  that  aque- 
duct-water containing  pure  nitrates,  which  alone  does  not  show 
the  production  of  nitrites  even  in  presence  of  bacteria,  has  this 
change  effected  upon  the  addition  of  glucose,  gum,  dextrin,  cellu- 
lose, starch,  etc.,  in  the  course  of  from  2  to  14  days;  that  freshly 
distilled  water,  boiled  with  glucose  and  niter,  shows  no  nitrites 
even  after  standing  for  weeks,  because  bacteria  are  absent :  and 
that  putrefying  albuminates  reduce  nitrates  to  nitrites.  The  de- 
composition of  cellulose  by  bacteria  in  presence  of  nitrates  proves 
that  niter  is  not  only  direct  food  for  plants,  but  that  it  also  per- 
forms by  its  oxygen  an  important  function  in  the  soil.  The  au- 
thor believes  that  these  facts  have  important  bearings  in  agricul- 
ture and  in  medicine.-J5er.  Berl,  C/tern,  (rc^.,  viii,  1214,  Oct.,  1875. 

G.  F.  B. 
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5.  On  the  supposed  new  Sf/droctxrbon^  C^H^,—A  short  time 
ago  Pinner  described  *  a  new  hydrocarbon  obtained  by  the  ac- 
tion of  sodium  upon  dichlorallylene,  to  which  he  assigned  the  for- 
mula CgHj,.  Further  investigation  has  shown  him  that  the  for- 
mula is  more  probably  Cj,H^  and  that  the  body  in  question  is 
either  allylene  itself  or  an  isomer  of  it.  Assuming  dichlorallylene 
to  be  C3H2CI2,  the  action  of  a  molecule  of  sodium  upon  one  mole- 
cule of  it  would  be  CaHjCla-f  Na,=(NaCI)a-f  C3H,;  but  if  CjH^ 
is  produced,  two  stages  of  the  reaction  are  required;  CjHjCl^-l- 
(Na)^=(NaCl)jj-i-C3H8Naa  and  C3HjjNa-j-f  (HjO)j=(Na01I), 
4- Cgli^.  In  the  former  case  the  resulting  aqueous  solution  must 
contain  chlorine  and  sodium  in  atomic  proportions ;  in  the  latter, 
the  sodium  is  double  the  chlorine.  White  more  alkali  than  chlorine 
was  always  found,  it  was  far  from  being  twice  the  quantity.  To 
solve  the  problem,  therefore,  the  author  analyzed  carefully  the  tri- 
bromide.  While  C3HBr3  requires  13*0  per  cent  C  and  0*4  per 
cent  H,  CgllaBrg  requires  12*9  per  cent  C  and  1*1  per  cent  H.  In 
two  analyses  the  carbon  was  13*02  and  12*91,  and  the  hydrogen 
1*16  and  1*17  percent.  These  results,  which  contradict  the  for- 
mer ones,  led  the  author  to  examine  more  carefully  the  composi- 
tion of  dichlorallylene.  He  finds  that  instead  of  its  being  €311,012 
as  assumed,  it  is  really  C3H4CL,  having  3*6  per  cent  hydrogen 
instead  of  183  which  the  fii'st  formula  requires.  This  fact  har- 
monizes both  the  above  observations  and  settles  the  new  hydro- 
carbon as  C3H4.  Hence  the  product  of  the  action  of  chlorine  upon 
aldehyde  is  not  crotonyl  chloral,  but  butyl  chloral ;  though  from 
it,  however,  crotonic  acid  has  been  obtained  by  Samow.  Tliis 
problem,  Pinner  is  now  occupied  in  solving. — Bei\  BerL  Chem. 
Ges,,  viii,  1282,  Nov.,  1876.  G.  P.  b. 

6.  On  Aromatic  Compounds  containing  Arsenic. — Michaeijs 
has  published  a  preliminary  note  upon  phenyl-arsenous  chloride, 
AsCljCgH^,  which  he  obtained  by  the  action  of  arsenous  chloride 
upon  mercury-diphenyl,  in  a  sealed  tube  at  170°.  The  reaction  is 
given  as  follows : 

Hg(C,H,),  +  (A8Cl,).=HgCl,  +  (AsCljC.H  Jj. 

It  is  a  heavy,  colorless,  stronely  refractive  liquid,  slowly  de- 
composed by  water.  Investigations  upon  this  and  other  analo- 
gous metallic  derivatives  are  in  progress. — Ber.  BerL  Chem,  Ges,^ 
viii,  1316,  Nov.,  1876.  G.  P.  a 

7.  On  Diacetone<ilcohoL — Hkintz,  who  has  been  recently  in- 
vestigating the  amines  derived  from  acetone  by  the  action  of  am- 
monia, has  examined  diacetonamine,  to  see  whether  the  reaction 
with  its  nitrite  would  result,  as  is  general  with  other  amines,  in 
the  production  of  an  alcohol ;  the  nitrogen  of  both  being  elimi- 
nated as  gas,  and  hydroxy!  taking  the  place  of  amidogen. 
Diacetonamine  oxalate  was  dissolved  in  three  times  its  weight  of 
hot  water,  and  cooled  to  6*.  To  the  liquid  kept  constantly  stir- 
red, potassium  nitrite  was  gradually  added,  in  amount  equal  to 

*  Abstract  in  this  Journal  111,  x,  293,  October,  1875. 
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nearly  twice  the  weight  of  the  oxalate.  After  standing  several 
days,  the  temperature  being  allowed  slowly  to  reach  that  of  the 
atmosphere,  the  liquid  was  distilled,  whereby  some  mesityl  oxide 
passed  over.  The  residue,  freed  from  an  oily  layer  by  a  separa- 
ting funnel,  was  neutralized  with  potassium  carbonate  and  agita- 
ted with  ether.  The  etherial  solution,  dried  by  calcium  chloride, 
left  on  distilling  off  the  ether,  a  liquid  boiling  between  163 '6°  and 
ld4-5**,  having  the  formula,  CgHjgOj.  Its  vapor  density  was 
4*19.     This  is  diacetone-alcohol,  and  it  has  the  rational  formula 

CH3 
CH3  .  CO.  CH2— C — on.— Zi€%'«  Annalen,  clxxviii,  342,  Oct., 

CH3 

1875.  G.  F.  B. 

8.  A  new  relation  between  Electricity  and  Light. — Mr.  John 
RsRR  has  succeeded  in  showing  that  dielectriiied  media  are  hire- 
trini^ent.  Two  holes  were  drilled  in  a  block  of  plate  glass  so  as 
to  leave  a  space  of  only  about  a  tenth  of  an  inch  between  their 
ends.  Copper  wires  covered  with  rubber  and  shellac  were  inserted 
into  these  holes,  and  the  current  from  an  induction  coil  capable 
of  giving  a  spark  of  20  to  25  cms.  passed  through  them.  A  sec- 
ond passage  is  opened  to  the  current  of  variable  length  through 
the  air,  so  that  when  the  spark  passes  the  glass  is  subjected  to 
an  electric  strain.  The  liglit  of  a  lamp  is  passed  through  a  Nicol 
prism,  then  through  the  glass,  and  finally  through  a  second  Nicol 
at  right  angles  to  the  first.  Since  every  plate  oK  glass  exerts  a 
de[>olarizing  action  a  certain  amount  of  light  is  transmitted. 
This  is  cut  off  by  interposing  a  second  piece  of  the  same  plate  of 
glass  and  slightly  turning  one  of  the  Nicols.  If  the  plane  of 
polarization  is  inclined  45"^  to  the  line  along  which  the  electric 
action  is  exeVted  through  the  glass  on  closing  the  primary  circuit, 
lierht  will  be  visible  in  about  two  seconds.  It  brightens  continu- 
ously  for  nearly  half  a  minute,  and  if  the  current  is  broken,  will 
graifually  fade  away.  The  light  thus  restored  cannot  be  extin- 
guished by  any  rotation  of  the  analyzer.  If  the  plane  of  polariza- 
tion is  parallel  or  perpendicular  to  the  lines  of  electric  force  no 
action  is  obtained.  There  is  as  great  an  effect  with  a  rapid  suc- 
cession of  contrary  electrizations  as  with  a  continued  electrization 
in  one  direction. 

A  small  square  of  glass  held  edgewise  in  a  vice  was  then  intro- 
duced in  the  path  of  the  beam  and  compressed  feebly  horizontally. 
A  second  plate  like  a  microscope  slide  was  also  inserted  and  bent 
by  the  hands  until  the  light  introduced  by  the  depolarization  of 
the  first  plate  was  extinguished.  From  this  arrangement  of  the 
apparatus,  it  appears  that  the  dielectrization  of  the  plate  glass  is 
equivalent  optically  to  a  compression  of  the  glass  along  the  lines 
of  electric  force.  Dielectiified  glass  acts  upon  transmitted  light  as  a 
negative  uniaxial  crystal  with  its  axis  parallel  to  the  lines  of  force. 

llalf  a  dozen  other  solids  were  tried,  but  only  two,  resin  and 
quartz,  gave  results  worth  mentioning.  The  great  difficulty  was 
to  get  a  sufficiently  strong  superficial  insulation,  the  masses  being 
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too  small.  A  plate  of  resin  was  employed  of  nearly  the  same  size 
as  the  glass.  Small  squares  of  thin  plate  glass  were  placed  in 
optical  contact  with  its  two  faces  and  parallel  to  each  other.  It 
gave  evidence  of  irregular  strain  near  the  terminals,  separated 
the  red  and  blue  rays  by  a  small  angle,  and  was  imperfectly  trans- 
parent. But  its  chief  defect  was  that  it  allowed  a  spark  discharge 
over  its  surface  a  length  of  7  inches  before  the  distance  of  the 
spark  terminals  much  exceeds  2 '6  inches.  With  all  these  deficien- 
cies, however,  it  gave  a  regular  and  definite  effect,  and  the  action 
was  contrary  to  that  of  glass. 

A  plate  of  quartz  cut  perpendicular  to  the  axis,  3  mms.  thick  and 
20  long,  was  employed  with  a  result  similar  to  that  of  glass. — 
Phil,  Mag.,  1,  837.  e.  c.  p. 

9.  Waves  on  Mercury, — M.  C.  Dkcharme  states  that  by  blow- 
ing through  a  tube  touching  the  surface  of  mercury,  we  may  pro- 
duce a  sound  and  circular  waves  forming  a  symmetrical  network 
upon  the  liquid.  The  smaller  the  interior  diameter  of  the  tube, 
the  higher  and  weaker  is  the  sound  and  the  shorter  the  waves. 
As  long  as  the  diameter  is  less  than  about  half  a  millimeter,  the 
sound  resembles  the  buzzing  of  an  insect.  When  the  diameter 
amounts  to  '7  or  *8  mms.  the  sound  assumes  a  clear  and  distinct 
musical  character.  With  larger  tubes  the  note  becomes  loud. 
There  is  a  great  tendency  of  the  sounds  to  pass  to  their  harmonics, 
with  slight  changes  of  the  pressure  of  the  nir  or  of  the  length  of 
the  immersed  portion  of  the  tube,  especially  when  the  latter  has  a 
diameter  of  2  to  5  mms.  For  this  reason  it  is  difficult  to  obtain 
single  sounds,  but  they  are  almost  always  high  and  unstable  har^ 
monies.  The  best  nsults  are  attained  with  tubes  0*8  to  5  mms. 
in  diameter,  held  vertically  so  as  just  to  touch  the  surface,  and 
cut  off  perpendicular  to  their  axes.  The  tube  is  then  connected 
with  a  large  rubber  vessel  full  of  air  and  compressed  by  a  weight 
which  should  be  greater  the  smaller  the  tube. 

In  general  the  sounds  thus  produced  depend,  as  regards  their 
height,  quality  and  intensity,  on  the  diameter,  length  and  nature 
of  the  tube,  the  thickness  of  its  edges,  the  form  of  the  edges  of 
the  orifice,  and  on  the  temperature,  pressure  and  nature  of  the 
gas ;  finally  and  above  all,  on  the  capacity  of  the  reservoir  of  air, 
or  rather  on  the  harmonic  ratio  of  its  volume  to  that  of  the  sound- 
ing tube  and  of  the  connecting  tube.  This  last  condition  is  so 
essential  that  a  tube  giving  good  results  with  one  reservoir  will 
not  work  satisfactorily  with  another.  .An  important  application 
of  this  device  is  to  the  production  and  projection  of  interference 
waves  in  an  elliptical  vessel.  The  nodes  and  loops  are  in  this 
case  clearly  marked,  fixed  and  symmetrical.  The  concord  of  the 
third,  fifth  and  octave  may  be  similarly  ])rojected  on  a  screen 
with  great  clearness  by  employing  two  sounding  tubes. --r/owrn. 
de  Phf/8,,  iv,  207.  '  e.  c.  p. 

10.  ^pectnifn  of  the  light  of  the  bins  Grotto  of  Capri. — Dr.  H. 
W.  VoGEL,  on  a  recent  visit  to  Capri,  tested  the  light  of  the  blue 
grotto  with  a  spectroscope.     As  the  entrance  is  only  about  four 
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feet  in  breadth  and  height,  a  large  part  of  the  light  which  enters 
passes  through  the  water.  The  spectroscope  shows  that  the  red 
IS  wholly  absorbed  by  the  water,  and  the  yellow  is  so  far  en- 
feebled that  the  D  line  was  scarcely  visible.  The  green,  blue  and 
indigo  on  the  other  hand  shone  out  brightly,  with  the  F  and  h  lines 
imited  in  a  well-marked  absorption  line. — Pogg,  Ann.^  clvi,  326. 

E.  c.  p. 

1 1.  Action  of  Magnetism  on  an  Electric  Spark, — M.  H.  Beo 
QUEREL  has  shown  that  the  action  of  a  powerful  electromagnet 
when  its  current  is  broken  between  its  poles,  is  purely  mechanical. 
The  spark  in  this  case  is  accompanied  by  an  explosion,  and  takes 
the  form  of  a  small  flame,  which  seems  to  be  projected  by  the 
action  of  the  magnet  as  it  would  be  by  a  current  of  air.  The 
same  effects  may  be  produced  by  a  bellows  or  even  by  the  mouth. 
A  little  explosion  is  produced,  increasing  in  strength  with  the 
force  of  the  air  current.  It  is  generally  admitted  that  the  sound 
accompanying  the  induction  spark  is  due  to  a  sudden  expansion 
of  the  air  and  of  the  volatilized  portions  of  the  electrode,  fol- 
lowed by  a  sudden  return  of  the  particles  to  their  former  position. 
According  to  this  view  the  shorter  the  time  of  discharge  the 
louder  should  be  the  noise. 

The  substitution  of  the  purely  mechanical  action  of  a  current 
of  air  seems  to  show  that  under  the  influence  of  the  air  current  as 
with  the  magnet,  the  eflect  is  due  to  a  sudden  rupture  of  the 
chain  of  molecules  which  transmit  the  electric  current  of  only 
short  duration,  forming  the  induction  current.  The  time  of  dis- 
charge being  thus  notably  diminished  the  sound  accompanying  it 
assumes  a  remarkable  intensity.  The  idea  of  making  an  air-cur- 
rent act  in  this  way  is  due  to  M.  de  Moncel,  who  has  employed 
it  to  separate  the  spark  from  the  aureole. — Joicrn,  de  Phys.^  iv, 
206  E.  c.  p. 

1 2.  Interference  Fringes, — M.  Nodot  suggests  the  substitution 
of  rhombs  of  Iceland  spar  for  Nicol's  prisms  in  forming  the  inter- 
ference fringes  of  Fizeau  and  Foucault.  The  sunlight  is  admitted 
through  a  narrow  slit,  and  focussed  on  the  slit  of  the  spectroscope 
by  a  lens.  Two  rhombs  of  spar  are  then  interposed,  and  between 
them  is  placed  a  plate  of  quartz,  cut  parallel  to  the  axis,  and  in- 
clined 45°  to  the  planes  of  polarization  of  the  spars.  Three  im- 
ages of  the  rhomb  are  thus  formed,  the  central  one  of  doable  the 
brilliancy  of  the  others,  since  it  is  formed  by  the  superposition  of 
two  images.  Allowing  each  image  in  turn  to  fall  on  the  slit  of 
the  spectroscope,  it  wnll  be  seen  that  fringes  are  present  in  all 
three,  those  of  the  two  outer  images  being  complimentary  to  the 
fringes  of  the  central  image.  Evidently  the  brilliancy  of  the 
effei^t  will  be  double  that  usually  attained,  since  a  Nicol's  prism 
necessarily  cuts  off  at  least  half  the  light. 

llie  experiment  may  be  varied  l>y  forming  the  three  images  one 
above  the  other,  and  allowing  all  to  fall  on  the  slit  of  the  spectro- 
scope, when  a  S[)ectrum  is  formed  in  which  the  upper  and  lower 
parts  are  fainter  than  the  central  portion,  and  the  fringes  of  the 
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former  are  romplimentaiy  to  those  of  tlie  latter.  In  other  words 
the  bright  portions  of  one  set  correspond  to  the  dark  parts  of  the 
other. — Jourfi,  de  Phys.^  iv,  209.  k.  a  p. 

13.  The  Wind  Theory  of  Oceanic  Circulation,  O^fedioni 
examined;  by  James  Cboli^  of  H.  M.  Geological  Survey  of  Scot- 
land. (From  the  Philosophical  Magazine  for  October,  1 876).* — 
The  fundamental  arguments  of  the  advocates  of  the  gravitation 
theort/. — I.  The  gravitation  theorists  base  their  argument  on  two 
princi])al  assumptions  which  cannot  be  conceded.  First,  they 
maintain  that  the  existence  of  polar  water  in  the  depths  of  tli^ 
ocean  is  consistent  with  their  theory  only ;  and,  secondly,  they 
assume  as  a  necessary  condition  of  the  wind  theory  that  the 
understratum  of  the  ocean  should  consist  of  warm  water.  It  is 
a  well  recognized  fact  that  the  ocean  beyond  the  reach  of  son  heat 
is  occupied  with  water  of  a  polar  temperature  ;  and  they  therefore 
point  triumphantly  to  the  fact  as  at  once  a  proof  of  their  position 
and  a  conclusive  argument  against  the  wind  theory.  But,  on  the 
other  side,  it  will  not  be  difficult  to  show  that  the  existence  of 
cold  water  throughout  the  ocean  depths  is  as  much  a  necessary 
result  of  the  wind  theory  as  of  the  gravitation  theory,  and  that 
there  is  no  relation  whatever  between  the  wind  theory  and  warm 
water  m  the  depths  of  the  sea. 

It  is  supposed  that  the  return  undercurrents  from  the  polar 
regions  are  by  far  too  insignificant  to  be  able  to  maintain  at  a 
polar  tenij)erature  the  great  depths  of  the  ocean. 

Let  us  examine  this  objection.  It  is  freely  admitted,  nay  even 
strenuously  maintained  by  the  advocates  of  the  gravitation  theory 
themselves,  that  the  heatmg-power  of  the  sun  does  not  extend  to 
any  great  depth  below  the  surface  of  the  ocean  ;  consequently 
there  is  nothing  whatever  to  heat  this  mass  of  water  andemeatn 
except  the  heat  coming  through  the  earth's  crust;  but  the  amount 
of  heat  derived  from  this  source  is  so  trifling  that  an  under-current 
from  the  Arctic  regions  of  no  great  magnitude  would  be  sufficient 
to  keep  the  mass  at  an  ice-cold  temperature. 

On  a  former  occasion  f  I  showed  that,  taking  the  rate  at  which 
internal  heat  passes  through  the  earth's  surface  to  be  that  assigned 
by  Sir  William  Thomson,  the  total  amount  received  per  annum  by 
tne  X  orth  Atlantic,  between  the  equator  and  tropic  of  Cancer, 
including  the  Caribbean  Sea,  is  equal  to  only  yj^  of  that  conveyed 
by  the  Gulf-stream,  on  the  supposition  that  each  pound  of  water 
carries  19,300  foot-pounds  of  heat, — and  that  consequently  an 
under-current  from  the  polar  regions  of  not  more  than  ^^^  the 
volume  of  the  Gulf-stream  would  suffice  to  keep  the  entire  mass 
of  water  of  that  area  within  1°  of  what  it  would  be  were  no  heat 
derived  from  the  crust  of  the  earth,  and  an  under-current  of  less 
than  iY  that  of  the  Gulf-stream  coming  from  the  polar  regions 
would  keep  the  entire  North  Atlantic  from  the  equator  to  the 
arctic  circle  filled  with  ice-cold  water.     A  polar  under-current  half 

♦  Received  for  this  Journal  from  the  author. 

t  Philosophical  Magazine,  June,  1874;  "  Nature,"  vol  x,  p.  52. 
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;  size  of  the  Gulf-stream  would  be  sufficient  to  keep  the  entire 
ter  of  the  globe  (below  the  stratum  heated  by  the  sun's  rays) 
an  ice-cold  temperature.  Internal  heat  would  not  be  sufficient 
der  such  circumstances  to  maintain  the  mass  1°  Fahr.  above 
J  temperature  it  possessed  when  it  left  the  polar  regions. 
Ln  short,  whatever  the<iry  we  adopt  regarding  oceanic  circula- 
n,  it  follows  equally  as  a  necessary  consequence  that  the  entire 
iss  of  the  ocean  below  the  stratum  heated  by  the  sun's  rays 
i8t  consist  of  cold  water.  For  if  cold  water  be  continually  com- 
\  from  the  polar  regions,  either  in  the  form  of  under-cuiTents, 
in  the  form  of  a  general  underflow  as  Dr.  Carpenter  supposes, 
J  entire  under  portion  of  the  ocean  must  ultimately  become 
mpied  by  cold  water ;  for  there  is  no  source  from  which  this 
lux  of  water  can  derive  heat,  save  from  the  earth's  crust,  which 
lount  is  so  trifling  as  to  produce  no  sensible  effect. 
It  is  therefore  evident  that  the  great  mass  of  cold  water  occu- 
ing  the  depths  of  the  ocean  cannot  be  urged  as  an  objection  to 
e  wind  theory. 

2.  But  it  is  asserted  that  the  impulse  of  the  wind  on  the  surface 
the  ocean  cannot  produce  and  maintain  deep  under-currents. 
ds  is  an  objection  which  has  been  urged  by  some  eminent  phys- 
sts;  but  it  is  based  upon  a  misapprehension  of  the  manner  in 
lich,  according  to  the  wind  theory,  under-currents  are  produced. 
It  is  true,  as  the  objectors  maintain,  that  a  wind  simply  impel- 
g  the  water  forward  will  not  necessarily  produce  an  nnder-cur- 
it,  since  compensation  will  more  readily  take  place  by  return 
rface-currents,  as  in  this  case  the  path  of  least  resistance  will 
nerally  be  at  the  surface.  But  when  the  general  surface  of  one 
If  of  an  ocean  basin  is  being  constantly  impelled  forward  by 
jvaiiing  winds  in  a  contrary  direction  to  that  in  which  it  is 
ing  impelled  in  the  other  half,  conij)ensation  cannot  possibly 
kC  place  by  means  of  return  suH'aee-currents.  For  a  full  discus- 
n  of  this  point  I  must  refer  the  reader  to  my  work,  "  Climate 
d  Time,"  Chap.  XIII. 

It  is,  however,  needless  to  advance  arguments  d  priori  against 
?  fx>ssibiliy  of  such  under-currents;  for  we  have  actually  several 
til-known  examples  of  such  currents,  the  ])articular8  of  which 
U  also  be  found  in  the  work  to  which  I  refer. 

3.  But  supposing  it  could  be  shown  that  the  winds  cannot 
rectly  produce  under-currents,  it  can  nevertheless  be  demon- 
•ated  that  they  can  do  so  indirectly.  A  vertical  circulation  fill- 
r  the  deep  recesses  of  the  ocean  under  the  equator  with  polar- 
Id  water,  follows  as  readily  and  truly  from  the  wind  theory  as 
does  from  the  gravitation  theory.  It  has  been  shown  that  the 
oeral  tendency  of  the  system  of  the  winds  is  to  impel  the  sur- 
'e-water  of  the  equatorial  regions  into  the  temperate  and  polar 
rions  as  rapidly  as  it  is  heated.  But  such  a  transference  of 
rface-water  must  tend  to  destroy  static  equilibrium  by  making 
?  equatorial  too  light  and  the  temperate  and  polar  columns  too 
ivy,  as  truly  as  though  the  transterence  had  taken   place  by 
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means  of  difference  of  temperature.  The  effect  must  be  to  pro- 
duce a  constant  ascent  of  the  equatorial  column  and  an  inflow  of 
cold  water  below  equal  to  the  outflow  above.  In  short,  the  wind 
must  produce  a  system  of  circulation  precisely  the  same  as  that 
supposed  to  take  place  by  difference  of  temperature. 

By  both  theories  the  cause  of  the  vertical  motion  is  the  trans- 
ference of  water  from  the  top  of  the  one  column  to  the  top  of  the 
other.  This  vertical  motion  is  therefore  as  much  a  necessary  con- 
sequence of  the  wind  theory  as  it  is  of  the  gravitation  theory. 

II.  Geology  and  Mineralogy. 

1.  On  the  Gravel  and  Cohble-atone  deposits  of  Virginia  and 
the  Middle  States;  by  Wm.  B.  Rogers.  (Proc.  Boston  Soc.  Nat 
Hist.,  voL  xviii,  1875,  101. — The  deposits  here  described  as  occur- 
ring in  the  great  river  valleys  and  on  the  adjoining  slopes,  at 
Richmond,  Va.,  Washington,  D.  C,  and  elsewhere,  consist  chiefly 
of  layers  of  water-worn  gravel  and  stones,  with  ferruginous  sands 
and  clays.  In  most  localities  the  larger  pebbles  are  found  in  the 
upper  part  of  the  deposit;  but  in  others,  as  at  Alexandria  and 
Richmond,  the  cobble-stone  deposit  is  overlaid  by  bedded  sands 
and  gravel.  Casts  of  Scolithus  occur  in  some  of  the  pebbles  col- 
lected at  Washington  and  Richmond.  The  deposit  at  Washington 
covers  the  entire  plain  on  which  the  city  is  built ;  it  averages  76 
feet  in  height  above  mean  tide,  but  rises  on  the  north  to  about  100 
feet.  Thence  it  spreads  over  the  slopes,  covering  the  grounds  of 
Columbian  College,  and  the  higher  hill  of  the  Soldiers*  Home,  over 
200  feet  above  sea  level.  In  the  vicinity  of  the  Capitol  the  stones 
are  often  a  foot  in  diameter,  and  near  Georgetown  in  a  recent  ex- 
cavation some  are  much  larger.  The  facts  point  to  transporta- 
tion along  the  valleys,  but  by  streams  of  much  greater  width  than 
those  now  there.  The  distance  transported  may  be  learned  from 
the  fact  that  the  nearest  Potsdam  or  Scolithus  sandstone  to  Rich- 
mond is  80  miles,  and  along  James  River  160  miles;  and  that  from 
Washington  to  the  western  side  of  the  Blue  Ridge  is  40  miles,  and 
along  the  Potomac  60  to  60  miles.  Prof.  Rogers  remarks  on  the 
origin  of  these  deposits  as  follows : 

*'  Speculating  on  the  causes  by  which  these  deposits  have  been 
formed,  it  may,  on  the  one  hand,  be  imagined  that  during  the  Glacial 
period  the  icy  covering  of  the  north  and  west  prolonged  itself  in  the 
valleys  of  the  great  rivers,  as  far  south  us  the  James,  and  even  the 
Roanoke  River,  bringing  down  to  the  belt  of  land  now  marking  the 
limit  of  tide  water  debris  from  the  Appalachian  rocks,  mingled  with 
materials  derived  from  the  intervening  region,  and  that  the  grinding 
and  sorting  action  of  the  waters  subsequently  obliterated  glaciiu 
marking,  and  ^ave  to  the  whole  deposit  the  distribution  and  strati- 
fication which  It  now  presents ;  or,  on  the  other  hand,  it  may  be  con- 
ceived that  the  transporting  force  of  the  rivers  themselves,  swollen 
and  rapid  as  they  must  have  been  in  the  closing  ages  of  the  Glacial 
period,  brought  about  the  same  results.     But  even  in  this  case,  it  is 
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highly  probable  that  glacial  action  had  much  to  do  with  the  original 
accamulation  of  the  rocky  debris  ou  the  flanks  of  the  Bine  Ridge, 
•nd  in  the  Appalachian  valleys  beyond.*^ 

Prof.  Rogers  further  ob8er\es  that  there  is  a  siliceous  and  argil- 
laceous formation  in  ^  irginia,  easily  confounded  with  the  finer  drift 
beds,  which  underlies  the  Tertiary,  and  is  placed  by  him  at  the  base 
of  the  Cretaceous  formation  or  top  of  the  Jurassic;  that  sections 
are  exposed  in  a  deep  railroad  cut  between  Wai^hington  and  Bal- 
timore, and  on  the  way  to  Wilmington;  that  it  is  seen  beneath  the 
Cretaceous  green-sand  in  Maryland,  Delaware,  and  New  Jersey, 
and  near  Baltimore  was  found  by  Prof.  Tyson  to  contain  stumps  of 
Cycads.  When  the  Cretaceous  and  Tertiary  are  absent  these  beds 
are  oauly  confounded  with  the  8tratifie<l  drift.  Its  contact  with  the 
mperficial  deposits  was  well  presented  in  April,  1875,  near  Wash- 
ington, at  a  cut  at  the  extremity  of  16th  street,  at  the  base  of  the 
Columbian  College  flill,  and  on  14th  street  where  it  ascends  the 
nme  hill. 

2.  jRep^>rt  of  the  Geological  Survey  of  Sorth  Carolina^  Volume 
L  PhyMical  Geography^  Hesume^  J'Jcoftomical  Geology  ;  by  W.  C. 
Kerr.  By  authority  of  the  General  Assembly.  326,  120  pp.  8vo. 
Raleigh.  1875. — Tfce  Geological  survey  of  North  Carolina  under 
Prof  Kerr  was  commenced  in  1866.  'The  rejwrt  now  issued  was 
presented  to  the  Legislature  in  1870,  but  not  then  ordered  for 
pablication ;  and  now  it  appears  in  1875  ^*  under  a  permissive  reso- 
ration,  out  of  the  working  fimd  of  the  Survey."  A  second  volume, 
the  preface  states,  will  go  to  press  during  the  year. 

The  report  commences  with  an  introductory  cliapter  on  the 
Physical  Geography  of  the  State.  In  the  course  of  it  the  fact  is 
brought  out  that  ou  the  soidh  side  of  the  rivers  in  eastern  Xorth 
Carolina  there  are  usually  bluffs  and  high  banks,  and  on  the  north^ 
swamps  and  low  flats ;  and  that  this  is  a  feature  also  of  eastern 
South  Carolina.  Further,  the  Miocene  shell-beds  were  found  only 
on  the  south  side  of  these  large  rivei  s.  "  The  cause,"  according  to 
the  author,  '*is  doubtless  the  rotation  of  the  earth  co-acting  with 
the  river  current ;"'  and  he  cites  the  law  of  motion,  wrought  out 
with  mathematical  demonstrations  by  Prof.  Ferrel,  that,  "in 
whatever  direction  a  body  moves  on  the  surface  of  the  earth, 
there  is  a  force  arising  from  the  earth's  rotation  which  deflects  it 
to  the  right  in  the  Northern  hemisphere,  but  to  the  left  in  the 
Southern.''  The  chapter  treats  of  the  topographical  features  and 
climate  of  the  State  and  contains  a  long  table  of  altitudes. 

On  its  Geology  the  author  gives  only  the  general  outlines. 
The  series  of  rocks  includes  those  of  the  Archtcan,  which  are 
made  to  cover  (1)  a  large  area  running  northeastward  across  the 
State  immediately  west  of  its  center  and  extending  westward  to  in- 
clude the  Blue  Ridge;  also  (2)  an  area  in  central  North  Carolina 
nmning  north-northeast  from  Raleigh,  and  some  small  areas  in 
that  vicinity,  one  of  thoni  to  the  south  on  the  Cape  Fear  River ; 
tnd  (3)  an  area  west  of  the  Blue  Ridge.  The  first  consists 
Urgely  of  syenyte  and  relateo  homblcndic  rocks,  which  rarely  con- 
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tain  mica  and  are  not  schistose ;  the  second^  of  light  and  gray  fine-  ^ 
grained  gneisses  with  some  ledges  of  coarse  syenyte  and  masses  of 
titaniferous  magnetite  or  hematite;  one  bed  of  hematite  on  the 
Capo  Fear  River  being  40  feet  thick;  the  third  of  gneiss,  horn- 
blendic  and  mica  schists,  with  some  syenyt«  and  coarse  granite, 
and  a  belt  of  chrysolyte  ledges.  The  coarse  granite  of  the  third 
area  affords  much  mica  in  large  plates,  some  20  inches  across;  and 
the  mining  operations  for  the  mica  date  back  to  the  moand-boild- 
ers,  the  granite  veins  being  "  honeycombed  with  the  ancient 
tniniels  and  shafts,  which  were  located  and  excavated  with  more 
skill  and  success  than  the  modern  workers  have  yet  attained." 

No  Silurian  rocks  are  recognized,  unless  on  the  extreme  westeni 
border,  within  what  the  map  colors  as  Archaean,  where,  according 
to  Prof,  l^radley,  the  I^ower  Silurian  exists  as  a  continuation  of 
rocks  of  that  era  in  Tennessee. 

The  remaining  fonnations  described  are  the  Triassic,  the  Cre- 
taceous, and  the  Tertiary.  The  two  Triassic  areas,  one  on  Deep 
River  and  the  other  on  Dan  River,  at  a  distance  76  to  100  miles  fipom 
one  another,  have  the  rocks  dipping  in  opposite  directions,  those 
of  Deep  River,  or  the  more  eastern  area,  dipping  southeastward 
about  15°  to  35°,  and  those  of  the  other  northwestward  85°. 
Prof  Kerr  makes  the  supposition — improbable  as  it  appears  to  the 
writer — that  the  two  are  the  margins  of  a  single  anticlinal  that 
once  spanned  the  broad  interval  between  them.  The  Connecticut 
River  Triassic  has  in  general  a  similar  southeastward  dip;  but 
there  is  no  where  the  opposite  side  of  the  anticlinal  unless  we  look 
to  the  New  Jersey  area  for  it,  which  is  quite  too  far  south  to 
answer. 

A  lari^e  part  of  the  volume  is  occupied  with  a  chapter  on 
Economical  Products  of  North  Carolina.  It  embraces  a  large 
amount  of  information  on  soils;  marls  and  fertilizers;  peat  and 
muck ;  ores  and  mines  (among  which  those  of  iron  are  very 
extensive,  and  those  of  gold  and  copper,  also,  have  been  profitably 
worked) ;  coal  (Triassic) ;  graphite,  and  kaolin ;  fire-clay,  pyro- 
phyllite,  corundum,  mica,  and  mineral  waters. 

TThe  coal  field  of  Deep  River  has  an  area  of  about  300  square 
miles.  Dr.  Genth  ob tamed  in  an  analysis  of  two  samples,  fixed 
carbon  0328,  7048,  volatile  matter  25*74,  21-90,  ash  10*14,  6*46, 
moisture  0*84,  1*16=100.  It  contained  sulphur  1*35,  1'02.  The 
Dan  River  coal  afforded  the  same  chemist  75*96  and  76*56  p.  c. 
of  fixed  carbon,  11*44,  13*56  of  ash,  the  volatile  matter  in  each 
about  12  per  cent. 

The  report  contains  also  a  well-colored  geological  map  of  North 
Carolina  and  several  plates  of  fossils. 

3.  Second  Geological  Survey/ of  Pennsylvania. — The  following 
Reports  for  1874  have  recently  b'een  published  by  the  State  Board 
of  Commissioners  at  Harrisburg. 

Report  of  Progress  on  the  Brown  Hematite  {lAmonite)  Ore 
JRangea  of  Lehigh  County^  with  a  description  of  the  mines  lying 
between  Emaus^  Alburtis  and  FogelsviUe  ;  by  Frederick  Prime, 
Jr.,  Assist.  Geol.     74  pp.  8vo,  with  cuts  and  maps. 
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Report  of  Progress  in  the  Venango  Co,  District ;  by  John  F. 
Cabll.  Observations  on  the  Geology  around  Warren  ;  by  F.  A. 
Raxdall.  Note  on  the  Comparative  Geology  of  Northtoestem 
Ohio  and  Pennsylvania  and  Western  New  York ;  by  J.  P.  Les- 
LET.     128  pp.  8vo,  with  wood-cuts  and  maps. 

Report  of  Progress  in  the  Laboratory  of  the  Survey,  at  Harris- 
hurg ;  bv  Andrew  S.  M'Creath.     106  pp.  8vo. 

Prof.  Prime  gives  in  his  report  a  brief  account  of  the  topography 
tnd  geology  of  the  district  under  examination,  and  of  the  rocks 
with  which  the  limonite  ores  are  associated.  These  rocks  are 
stated  tx>  be  of  the  magnesian  limestone  series — that  is,  Lower 
Slarian  beds  of  the  age  of  the  Calciferous  sandrock,  and  the 
Cbazy,  Birdseye  and  Black  River  limestones.  Mr.  Prime  says : 
"The  great  mass  of  this  formation  is  dolomite ;  but  there  occur 
one  and  possibly  more  beds  of  hydro-mica  (or  damourite)  slate 
intercalated  in  it.  The  limonite  ore  always  accompanies  the 
bydro-micA  slate,  and  with  it  there  is  often  clay  from  the  decom- 
position of  the  slate.  The  following  are  three  out  of  five  analyses 
of  this  slate  from  Lehigh  Co.: 

Si  Si       9o  l^g 

1.  FogelsTiIle            49*92  3406    091  1*77 

2.  Henangervme      45*40  24*69    5  06  13*56 

3.  Near  AUmtown  59-30  30-30  trace 

From  the  amount  of  the  potash  in  the  first  analysis  (by  Dr. 
Genth),  Mr.  Prime  calculates  the  amount  of  damourite  present 
(with  free  silica,  etc.)  to  be  55*40  p.  c. ;  in  the  second  (by  Mr.  S. 
Castle).  49-70  p.  c. ;  in  the  third  (by  Mr.  P.  G.  Salom),  53-02  p.  c. 
This  hydro-mica  slate,  with  often  associated  limonite  beds  (as  a 
result  of  alteration),  extends,  as  Mr.  Prime  observes,  from  Ver- 
mont to  Alabama,  showing  thus  a  long  range  of  Lower  Silurian 
rocks  in  the  eastern  mountain  region  of  North  America.* 

The  report  describes  further  the  mines  and  ores,  and  gives  many 
analyses.  It  is  followed  by  a  note  from  the  State  Geologist, 
making  some  explanations  with  regard  to  the  equivalency  of  the 
Pennsylvania  formations,  and  remarking  on  some  topographical 
chan^^es  the  country  has  undergone.  Mr.  Lesley  goes  outside  of 
his  iield  in  his  closing  remarks,  and  states — what  is  sustained  as 
yet  by  no  adequate  stratigraphical  evidence — that  the  "  Green 
Mountain  system  of  Vermont"  and  "the  White  Mountain  system 
of  New  Hampshire,"  are,  like  "  the  Laurentian  Mountains  of 
Canada,"  older  than  the  Potsdam ;  and  that  the  Green  Mountain 
system,  one  of  these  "  three  great  mountain  systems  of  the  north," 
is  Huronian.  The  observations  by  Mr.  Prime  in  Pennsylvania, 
above-mentioned,  and  the  parallel  facts  in  the  Green  Mountain 
system  to  which  he  draws  attention,  all  point  as  regards  the 
(jreen  Mountains  in  the  opposite  direction.  The  writer  has 
studied  stratigraphically  the  Green  Mountain  region  from  Con- 

*  The  first  determination  of  the  fact  that  the  so-caUed  talcose  slates  are  mostly 
hydro-mica  slates  is  accredited  to  Prof.  Dana.  The  latter  gives  the  credit  to  others 
in  this  Journal  (III,  iv,  366,  1872),  where  he  named  the  rock  hydro-mica  slate. 
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necticut  to  Vermont,  and  has  found  that  the  hydro-mica  and  chlo 
ritic  hydro-mica  slates  associated  with  the  limonite  beds  of  Berk- 
shire are  of  the  same  formation  with  the  hydro-mica,  chloiitic,  asd 
micaceous  slates  of  Graylock  and  the  Taconic  range ;  and  with 
the  hydro-mica  slates  of  the  ridge  lying  northeast  of  Rutland  in 
Vermont,  and  of  others  west  and  north  of  Rutland ;  and  with  the 
staurolitic  schists  of  the  limonite  region  of  Salisbury,  Connecticut 
Since  the  limestones  associated  with  the  slates  of  West  Rutland 
abound  in  distinct  Lower  Silurian  fossils,  referred  to  the  Chazy 
by  Billings,*  part  of  the  Green  Mountain  slates  and  schists  are 
unquestionably  Lower  Silurian.  What  is  the  age  of  the  rest  is 
not  yet  positively  known. 

Mr.  Carll's  report  contains  the  results  of  his  observations  in  the 
oil  district  of  Venango  County — giving  in  detail  the  geological 
and  topographical  distribution  of  the  oil,  and  its  distribution  also 
in  depth. 

Mr.  Lesley's  notes  on  the  comparative  geology  of  the  adjoining 
parts  of  the  States  of  Ohio,  New  York  and  Pennsylvania,  are  of 
great  interest.  The  equivalency  and  distribution  of  the  forma- 
tions are  discussed,  and  the  age  of  the  oil-bearing  beds,  and  some 
new  views  and  facts  are  brought  out.  Mr.  Lesley  states  that  the 
Catskill  sandstone  does  not  thin  out  westward  m  New  York,  as 
heretofore  described,  but  that  it  continues  into  Ohio,  and  that  it 
includes  the  *'  Rock-City"  conglomerate  of  Chatauqua  Co.,  N.  Y.; 
also,  that  the  conglomerate  under  the  Coal  measures,  to  which 
the  Rock-City  conglomerate  has  been  referred,  "  seems  nowhere 
to  reach  the  New  \  ork  State  line,  even  in  outlying  patches.'' 

The  Chemical  Report  of  Mr.  M'Creath  contains  descriptions 
and  proximate  analyses  of  bituminous  coals  of  many  localities, 
and  analyses  of  various  iron  ores,  limestones  and  fire  clays.  It 
states  that  the  average  amount  of  water  in  the  bituminous  coals 
analyzed  is  only  1*03  per  cent;  the  average  of  ash  about  6*38  per 
cent;  of  phosphorus,  014  percent;  of  volatile  combustible  mat- 
ter from  bituminous  coals  of  Clearfield  Co.,  23  64  per  cent,  of 
Centre  Co.,  23-81,  of  Jefferson  Co.,  32*60,  of  Armstrong  Co., 
34*99  per  cent ;  of  fixed  carbon  in  coals  of  Clearfield  and  Centre 
Cos.,  (38*97;  of  sulphur  in  34  coals  from  Clearfield  Co.,  1'36  per 
cent. 

4.  The  Vertebra ta  of  the  Cretaceoits  Formations  of  the  West; 
by  E.  D.  CoPK.  304  pp.  4to,  with  57  plates.  Report  of  the  U.  S. 
Geological  Survey  of  the  Territories  by  V,  V.  Hayden,  U.  S. 
Geologist  in  charge,  and  under  the  authority  of  the  Department  of 
the  Interior.  Vol.  IL  Washington,  1876. — Professor  Cope's  Re- 
port is  another  of  the  great  works  on  science  due  to  researches 

♦  These  West  Rutland  fossils  are  not  rare  and  inconspicuous.  Guided  by  the 
Rev.  A.  Wing  to  the  localities  he  had  discovered,  I  found  the  rock  over  the  cen- 
tral part  of  the  valley  in  some  places  full  of  them,  and  other  specimens  less  dis- 
tinct  occur  in  the  western  margin  of  the  valley ;  Mr.  Wing  has  observed  them 
also  on  the  eastern  margin.  The  famous  marble  quarries  of  the  valley  are  in  the 
intermediate  portion  of  the  limestone  formation  where  the  metamorphism  was 
more  complete.  j.  d.  d. 
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sted  with  the  Geol^cal  Sarvey  of  the  Territories  under  the 
\  of  Dr.  Hayden.  "fh^  volame  takes  up  only  the  Vertebrates 
Cretaoeona,  leaving  those  of  the  Tertiary  for  a  later  Report 
mbjeot,  owing  to  the  great  number  of  species  discovered  in 
ds,  is  a  very  large  one ;  and  the  latter  will  make,  as  the 
e  states,  two  such  volumes,  lliese  two  are  in  addition  to 
arto  volume,  in  the  same  series,  by  Dr.  Leidy.    The  work 

0  mention  all  the  species  thus  far  discovered  in  the  Gretace- 
ent  of  the  Mississippi,  and  to  describe  in  fuU  those  made 

1  by  the  author,  rrofessor  Cope,  in  an  introductory  chapter 
ts  his  views  *^  on  the  significance  of  paleontological  science ;'' 
rcata  in  Part  I  of  the  classification  and  distribution  of  the 
ieous  deposits  of  the  West ;  in  Part  U,  gives  '*  Descriptions 
Cretaceous  Vertebrates  of  the  West ;''  and  in  Part  III,  in- 
»s  a  Synopsis  of  the  known  Cretaceous  Vertebrates  of  North 
ica.  The  57  plates  of  illustrations  are  full  of  figures,  and 
ngraved. 

whole  number  of  species  of  Reptiles  in  the  American  Cre- 
IS  beds  is  stated  as  follows:  Dinosaurs,  18 ;  Pterosaurs,  4  ; 
dilians,  14 ;  Sauropterygia  (Plesiosaurs,  etc.),  13 ;  Testudi* 
48 ;  Pythonomorphs  (the  mosasaur  tribe),  50  z=  147.  Of 
It  tribe,  15  species  occur  in  the  Oreensand  of  New  Jersey,  7 
Rotten  limestone  of  Alabama,  26  in  Kansas,  and  one  from 
North  Carolina,  Mississippi  and  Nebraska.  Only  four  are 
I  from  Europe. 

fessor  Cope,  besides  bringing  out  bis  own  larse  contribu- 
to  the  suDiect,  mentions  also  those  of  Dr.  Leidy  and  Pro- 
Marsh,  yet  not  always  in  a  way  to  do  them  full  justice. 
pears  to  nave  forgotten  one  of  his  statements,  when  penning 
tte  to  page  124,  on  Clidastes  propython,  ITie  note  reads  as 
s : 

•ofessor  Marsh  (American  Jouraal  of  Science  and  Arts,  1872, 
,)  quotes  me  as  assigning  ten  cervical  vertebrse  with  articu- 
lypapophyses  to  this  species.  This  I  have  not  done,  but  Ptate 
psis  of  the  Extinct  Batrachia  and  Reptiles  of  North  Amer- 
221,)  that  it  possesses  six  such  vertebrae.  Professor  Marsh's 
lent,  and  consequent  supposition  that  he  first  determined  the 
;r  of  cervical  vertebrae  in  the  genus  Clidastes,  are  the  result 
lisapprehension." 

Professor  Marsh  sustains  his  remark  (this  Jour.,  ii,  p.  454, 
by  reference  to  page  218  of  Cope's  J^ynopsis,  where  Pro- 
Cope,  in  drawing  out  the  characters  of  the  genus  *'Clidas- 
rom  *'  especially  the  nearly  complete  skeleton  of  67.  propy- 
says  :  "  Hypapophyses  exist  on  the  ten  cervical  vertebrae," 
^cognizing  ten  as  the  number.  And  on  page  221  of  Cope's 
sis  (the  page  he  refers  to)  there  is  nothing  that  sets  this  aside. 
sor  Cope,  m  view,  as  he  says,  of  the  fact  that  "  a  considera- 
imber  of  the  vertebrae  [in  CI.  propython]  has  been  lost," 
on  that  page  the  following  enumeration  of  the  [by  him] 
I  vertebras  :    Atlas  and  axis,  2  ;    cervicals,  6  ;  dorsals,  15  ; 

jrsL  S^^-,  Thfhp  «i5htr8— Vol.  XI,  No.  61.— Jan..  1S76. 
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and  next  adds,  under  the  line  dorsals^  16,  ^'  at  least  to  be  added  to 
this  series,  10,"  making  the  sum  *'  38."  No  correction  of  the  pre- 
vious statement  as  to  the  total  number  of  cervical  vertebrae  is  made 
or  suggested. 

In  the  catalogue  of  works  and  memoirs  on  American  Cretaceous 
Reptiles,  headed  Literature  of  thk  Subject  (pp.  51,  62,  63), 
Professor  Cope  has  omitted  to  mention  several  highly  import- 
ant contributions  by  others :  for  example,  Dr.  Leidy'a  memoir  of 
1865,  Oil  Cretaceous  Reptiles  of  the  United  StcUes^  a  quarto  of  135 
pages,  illustrated  by  20  plates;  a  paper  by  the  same  author,  on 
Eldsnatsaurus  (l*roceedings  of  the  Acad.  Nat.  Sci.*  Philad.,  1870, 
p.  9) ;  another  on  Discosaurus  and  its  allies  (ibid.,  p.  18),  and 
another  on  Hadrosawnni  and  its  allies  (ibid.,  p.  67) ;  also,  the 
following  of  Professor  Marsh's  papers :  Notice  of  some  New  Mo" 
sasauroid  Reptiles  (this  Joum  ,  II,  xlviii,  392,  1869) ;  on  a  New 
Species  of  Iladrosaurus  (ibid..  Ill,  iii,  301,  1872),  and  Note  on 
Rhinosnnrus  (ibid..  Ill,  iv,  147,  1872).  Again,  in  his  ISynopsis  of 
the  kmnon  Cretaceous  Vertebrata  of  North  America^  constituting 
Part  III  of  the  volume,  several  Cretaceous  Reptiles  described  by 
others  are  omitted,  and  also  the  following  four  species  of  Creta- 
ceous birds  described  by  Professor  Marsh:  Ghaculavus  velox^ot 
New  Jersey  (this  Jouraal,  III,  iii.  p.  353,  1872);  G,  pumilus^  of 
New  Jersey  (ibid.,  p.  364);  G,  agilis^  of  Kansas  (ibid.,  v,  1873), 
and  PakBotringa  vagans^  of  New  Jersey  (ibid.,  iii,  366).  j.  d.  d, 

5.  Description  of  new  Species  of  Fossil  Plants  froin  Alleghany 
Co,^  Virginia  /  with  remarks  on  the  rocks  seen  along  the  Chesa- 
peake and  Ohio  Railroad^  near  the  White  Sulphur  Springs^  Green' 
brier  Co,^  West  Virginia;  by  F.  B.  Meek.  19  pp.  8vo.  Proceed- 
ings of  the  Washington  Philosophical  Society.  Head  before  the 
Society,  June  15,  1872.  (Received  Dec.  8,  1875).— The  fossil 
plants  described  by  Mr.  Meek  are  from  Lewis's  Tunnell,  and  occur 
in  the  lower  part  of  the  Subcarboniferous,  near  its  junction  with 
the  upper  Devonian.  The  species  are  Lepidodendron  scobiniforwe 
M.,  Cyclopteris  Lescuriana  M.,  C,  Virginiuna  M.,  C.  AUeghani- 
ensis  M.,  besides  an  undeteimined  Stigmaria  and  some  doubtful 
Carpolithes. 

6.  Coal  plants  of  Tinkiako  in  Southern  Shensi  in  China. — 
Ad.  Bkongniaut  has  determined  the  following  plants  from  the 
southern  part  of  Shensi,  one  of  the  western  provinces  of  China 
(Bull.  Geol.  Soc.  France,  409,  1874):  Pecopteris  Whithyensis^  two 
species  of  Sphenopters^  a  leaf  of  a  Zamia  near  Zamites  distans, 
fragments  of  Lycopodites  Williamsoni^  a  species  of  Paiissya^  and 
also  Bayera  dichotoma  Fr.  Braun.  The  species  are  nearest 
to  the  Jurassic  plants  of  Whitby,  and  not  Carboniferous.  Sub- 
carboniferous  fossils  are  described  from  the  same  region  by  M.M. 
Paul  Fischer  and  Bayan  (ibid.,  p.  409  and  pi.  10),  who  report,  from 
shales,  the  following:  Spirifer  lineatus  Mart  %^,,  Athyris  anthi- 
gua^  Meekella  Gamier  I  (n.  sp.),  Product  us  Davidi  (u.  sp.),  P. 
costatns  Sow.,  var  ccelestis,  and  Belleropho7i  tangeritialis  Phill. 
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[n  this  connection,  it  is  to  be  noted  that  the  coal  plants  of 
aitanor,  west  of  Pekin,  obtained  by  R.  Pumpelly,  and  described 
Dr.  Newberry  (Geol.  Res.  in  China,  etc.,  Sraithson.  Contrib., 
►.  202,  1867,)  are  referred  by  the  latter  to  the  Trias;  they 
braced  the  species  Pterozamites  Sinensis  Newb.,  Podozamitea 
\ceoi4Mtus  Lindl.,  Pod.  Mnmonsii  Newb.,  (P.  lanceolatus  of  N. 
rolina,  Emmons),  Sphenopteris  orientidis  Newb.,  Pecopteris 
hitbyensis  Brongn.,  HynienophyUites  teneUus  Newb.,  Taxites 
tkslatus  Newb.  v  on  Richthofen,  on  the  contrary,  concluded, 
m  the  conform  ability  of  the  coal-bearing  beds  to  .others  below 
itaining  Paleozoic  fossils,  that  the  coal  of  China  (this  Journal, 
i,  410,  1870),  was  for  the  most  part  Carboniferous, 
r.  The  Dawn  of  IJfe^  being  the  History  of  the  oldest  knovm 
ssil  Remains^  and  their  relations  to  Geological  Time  and  to  the 
^elopment  of  the  Ayiimal  Kingdom;  by  J.  W.  Dawson,  LL.D., 
l<.i>.,  etc.  240  pp.  12mo,  with  plates  and  woodcuts.  London, 
75.  (H odder  and  Stoughton. ) — This  volume  contains  a  complete 
X)unt  of  the  history  of  the  discover}'  of  the  Eozoon,  and  of  its 
ncture  and  nature  as  developed  by  Dr.  Dawson,  Prol  Carpenter, 
d  others.  The  facts  descrioed  are  illustrated  by  excellent  tig- 
»;  and  one  of  them,  facing  page  35,  representing  an  Eozoon 
iss,  looks  exceedingly  like  a  form  of  coral — the  Stromatoporse — 
which  group  it  was  referred  by  Logan  before  its  interior  struc- 
■e  was  studied.  The  subject  discussed  is  of  profound  geological 
portance,  since  it  bears  on  the  question  as  to  the  first  expression 
the  animal  idea  in  an  organism,  and  the  volume  is  therefore  one 
grreat  interest.  The  Eozoon  is  referred  by  the  author  to  the  sec- 
II  of  the  Rhizopods  containing  the  Foraminifers,  and  to  the  divi- 
n  of  the  Foraminifers  called  Perforata^  to  whi(,'h  the  Numtnuli- 
hp^  Globigf-rinid^e  and  Lagenidrn  belong,  which  have  calcarfe- 
5  skeletons  ])enetrated  by  pores.  An  interior  fUvision,  called 
'  Imperforata^  have  calcareous  membranous  or  arenaceous 
fletons  without  pores. 

-<.  Geographical  and  Geologiad  Surveys  \  by  J.  D.  Whitney. 
pp.  8vo.  From  the  North  American  Review  for  July  and  Oc- 
}»'r,  1S75.  Cambridge,  1875.  (Welch,  Bigelow  &  Co.) — Profes- 
*  Whitney  in  these  papers  brings  to  bear  the  results  of  his  wide 
perience  as  a  geographical  and  geological  explorer,  in  a  discusr 
n  of  the  objects,  methods,  and  purposes  of  such  surveys,  and 
res  some  account  of  their  history  in  this  and-  other  countries. 
ich  information  is  presented  on  the  topographical  maps  issued  by 
■eign  governments,  and  on  those  in  progress  and  needed  at  home, 
le  history  of  geological  exploration  in  the  United  States  is  treated 
th  consi<lerable  detail  and  with  discrimination.  The  volume  is 
e  to  which  all  may  go  for  information  and  judicious  advice  as  to 
eends  accomplished  by  State  surveys,  and  the  means  required  to 
mre  from  them  the  greatest  good  to  the  people. 
^.  Descriptive  Catalogue  of  the  specimens  in  the  Museum  of 
tlhourne,  illustrating  the  rock  system  of  Victoria  ;  4>y  G.  H.  F. 
jsicii,  M.E.,  F.G.S.     108  pp.  8vo.     Melbourne,  1875.— Besides 
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the  detailed  description  of  the  individual  specimens  in  the  mnsenm 
this  little  book  contains  some  remarks  upon  the  different  kinds  o 
rocks  of  Victoria  and  their  relations,  which  give  it  something 
more  than  a  local  interest.  A  considerable  number  of  analyse 
are  given,  especially  for  the  igneous  rocks. 

1 0.  Geology  of  Illinois, — The  last  volume  of  the  series  of  re 
ports  connected  with  the  Geological  sui'vey  of  Illinois  under  Mi 
Worthen  is  now  in  the  binder's  hands. 

1 1  .*  Geological  map  of  the  United  States  and  Canada, — In  a  fe^ 
.  days,  a  Geological  chart  of  the  United  States  (east  of  the  104t1 
meridian)  and  Canada,  by  Pro!  F.  H.  Bradley,  will  be  on  sale  b^ 
Messrs.  Ivison,  Blakeman,  Taylor  &  Co.,  138  and  140  Gran< 
street.  New  York,  the  publishers  of  Professor  Dana's  works  oi 
Geology.  Its  size  is  24  inches  by  16.  It  contains  all  the  detai 
and  accuracy  possible  on  a  chart  of  this  size  in  the  present  stat4 
of  the  science.  The  geological  areas  are  well  distinguished  by  \ 
judicious  system  of  lining,  instead  of  by  colors,  and  hence  th< 
chart  will  be  afforded,  as  we  understand,  at  the  low  rate  of  on< 
dollar  each.  It  should  be  in  the  hands  of  all  students  in  geology 
and  is  absolutely  indispensable  to  every  teacher. 

12.  Einleitung  iii  aie  KrystaUberechnung ;  von  Pro£  Caiu 
Klein,  Erste  Abtheilung.  208  pp.  8vo.  Stuttgart,  1876. — Prof 
Klein  develops  the  subject  of  Crystallography  from  the  standpoint 
of  Quenstedt,  according  to  whom  the  relations  of  the  planes  of  \ 
crystal  are  shown  bv  the  lines  in  which  they  are  projected  upon  i 
given  plane  of  projection.  He  does  not  confine  himself  to  th< 
somewhat  unwieldy  formulas  of  Quenstedt,  however,  but  makei 
all  calculations  of  axial  relations  and  parameters  by  means  o 
spherical  triangles  in  the  manner  employed  by  von  KobelL  TTm 
author  has  worked  out  with  much  care  and  completeness  the  solu 
,tions  of  the  various  problems  which  arise,  and  accompanies  eacl 
with  an  example  performed  in  full,  so  that  the  student  cannot  fai 
to  comprehend  the  method.  e.  s.  d. 

\  13\  On  Troilite  ;  by  Dr.  J.  Lawrence  Smith. — A  paper  oi 
troilite  by  Dr.  Smith  was  read  before  the  French  Academy  of  Sci 
ences  on  the  22d  of  November  last.  The  author  shows  by  nen 
and  careful  analyses  that  troilite,  or  the  sulphide  of  iron  of  meteor 
ites,  has  the  composition  he  has  before  obtained  for  it.  representee 
by  the  formula  FeS,  and  not  that  of  pyrrhotite  (Fe^S*)  to  whicl 
species  it  is  referred  by  M.  Saint  Meunier  in  a  communication  t< 
tne  Academy  of  March,  1874.  He  observes  that  the  specifi< 
gravity  of  troilite,  4*813,  also  separates  it  from  pyrrhotite,  \ 
selected  specimen  of  the  latter  affording  him  only  4*642.  As  thii 
meteoric  sulphide  is  found  imbedded  in  a  mass  of  iron,  "  the  nat 
ural  supposition  is  that  the  sulphur  would  be  saturated  with  th< 
iron."  Hence,  he  adds,  "  troilite  like  schroibersite,  is  exclusively  x 
celestial  mineral. 

Recti  flcation  of  the  Geological  map  of  Michigan,  embracing  observations  on  th^ 
Drift  of  the  StJte ;  by  Alexander  WincheU.  17  pp.  Svo.  Salem,  1876.  Pron 
Proc.  Amer.  Assoc,  for  1876. 
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1.  Eabl  Koch,  Vorlesungen  Uber  Dendrologie,  Lectures  on 
Dendrology^  delivered  in  Berlin  in  the  winter  semester  of 
1874-75.  Stuttgart,  F.  Enke,  1875,  pp.  408,  8vo. — These  are  the 
notes  of  a  coarse  of  popular  lectures  by  Prof.  Koch,  on  a  subject 
in  which  he  is  thoroughly  at  home.  They  must  have  been  de- 
lightful to  hear,  as  they  are  pleasant  to  read,  and  are  full  of  inter- 
esting matter.  It  is  only  the  first  course  of  a  series  which  is  to 
be  continued  this  winter.  The  first  division,  of  seven  lectures,  is 
a  history  of  landscape  gardens  and  gardening.  The  second  divis- 
k)D,  of  as  many  more,  treats  of  the  structure,  growth,  and  life  of 
trees,  of  the  infiuence  of  woods  upon  mankind,  and  as  regulators 
of  temperature  and  atmospherical  changes.  The  third  division, 
in  four  lectures,  treats  of  Coniferous  trees, — all  in  a  popular  way. 
Prol  Koch  insists  that  the  two  willows  confounded  as  forms  of 
the  Weeping  Willow,  are  neither  of  them  Persian  or  Assyrian,  ex- 
cept by  immigration,  but  natives  of  a  farther  east,  i.  e.,  of  China 
and  Japan.  One  of  them  may  have  reached  Western  Asia,  how- 
ever, early  enough  to  have  been  collected  by  Tournefurt,  and  so  to 
excuse  the  error  fixed  by  Linnseus  by  his  name  of  S,  Baby- 
lonica.  But  even  the  last  Tolume  of  DeCandoUe's  Prodromus 
does  not  rectify  it.  Notwithstanding  Prof  Koch's  correction 
and  elucidation,  it  is  likely  that  popular  books  and  the  popular 
belief  will  continue  to  associate  tne  Weeping  Willow  with  the 
River  of  Babylon  and  the  hanging  harps  of  the  weeping  Israel- 
ites, although  the  tree  of  the  Psalm  most  likely  was  a  Poplar.  We 
believe  it  was  Ker  Porter  who  remarked  that  willows  were  to  be 
found  along  the  river,  but  only  as  low  shrubs :  upon  these  nothing 
larger  than  a  comparatively  modern  musical  instrument  associated 
with  the  name  and  nation  could  well  be  hung.  When  the  course 
is  completed  we  shall  look  for  an  English  edition  of  these  lectures 
upon  tree-lore.  a.  g. 

2.  I/isertivoroifS  Plants;  by  Charles  Dauwin.  With  illus- 
trations. London :  Murray.  New  York  :  D.  Appleton  &  Co. — 
This  long  expected  work  appeared  last  autumn,  was  immediately 
reprinted  by  the  American  publishers,  and  before  this  time  has 
been  so  widely  read  that  no  detailed  account  of  it  is  at  all  neces- 
sary. Its  mam  topic  is  Drosera  or  Sundew,  upon  which  the  vast 
number  and  diversity  of  the  observations  and  experiments — at 
once  simple,  sagacious,  and  telling— which  it  records,  are  about  as 
wonderful  as  the  results.  As  to  the  latter,  it  is  established  be- 
yond question  that  the  common  Sundews  are  efficient  fly-catchers ; 
that  the  stalked  glands,  or  tentacles,  as  Mr.  Darwin  terms  them,  are 
sensitive  and  turn  inward  or  even  in  other  required  directions  in 
response  to  irritation  ;  that  they  equally  respond  and  move  in  obe- 
dience to  a  stimulus  propagated  from  a  distance  through  other 
tentacles  and  across  the  whole  width  of  the  leaf;  that  the  sensi- 
riveness  belongs  only  to  the  glands  and  tips  of  the  tentacles,  but 
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is  propasrated  thence  down  their  stalks  and  across  the  blade  of  the 
leaf  through  the  cellular  tissues ;  that  they  accurately  and  deli- 
cately discriminate  animal  or  other  nitrogenous  matter  irom  any- 
thing: else ;  that  the  glands  absorb  such  matter ;  that  when  ex- 
cited by  contact,  or  by  the  absorption  of  nitrogenous  matter  by 
the  viscid  enveloping  liquid,  an  acid  secretion  is  poured  out  an^ 
a  ferment  analogous  to  pepsin,  the  two  together  dissolving  ani- 
mal matter;  so  that  the  office  and  action  of  these  glands  are  truly 
analoirous  to  those  of  the  glands  of  the  stomach  of  animak 
Finally  that  animal  or  nitrogenous  matter,  thus  absorbed  and 
digested  in  the  glands,  is  taken  in,  and  conveyed  from  cell  to  cell 
through  the  tentacles  into  the  body  of  the  leaf,  was  made  evident 
by  ocular  inspection  of  the  singular  changes  in  the  protoplasm 
they  Contain.  So  particularly  have  the  investigations  been  made 
and  so  conscientiously  recorded,  that  the  account  of  those  relating 
to  one  siKH'ies  of  Sundew,  Drosera  rotundifoHa^  fills  277  pages  of 
the  Knglish  edition,  or  more  than  half  of  the  book.  After  all  it 
ends  with  the  remark:  "  and  we  see  how  little  has  been  made 
out  in  com])arison  with  what  remains  unexplained  and  unknown." 
The  briefer  examination  of  six  other  Sundews  follows,  some  of 
them  equally  and  others  less  efficient  fly-catchers  and  feeders. 

J}i'oni^a  is  next  treated,  but  with  less  detail.  Indeed,  except 
as  to  the  particular  nature  of  the  secreted  digesting  fluid,  there  is 
little  in  this  chapter  that  had  not  been  made  out  or  already  become 
familiar  here.  That  the  secretion  has  digestive  powers,  ancf  that  it  is 
re-absi>rl>ed,  along  with  whatever  has  been  digested,  is  now  proved 
beyond  reasonable  doubt.  That  the  motor  impulse  is  conveyed 
thn>ugh  the  cellular  parenchyma,  and  not  through  the  vascular  bun- 
dles, t>r  spiral  vessels,  and  that  the  latter  do  not  *)riginate  the  secre- 
tion, as  Uivs  and  Wills  in  a  recent  |)aper  seem  to  suppose  they  must, 
a|»pears  to  Ih>  shown  by  the  facts,  and  was  antecedently  probable. 
'*^The  Wiuiderful  discovery  made  by  Dr.  Burdon  Sanderson  is 
now  'iniversjUly  known :' namely,  that  there  exists  a  normal 
ekvtrioal  curr^-m  in  the  blade  and  footstalk,  and  that  when  the 
leaves  are  irritateil  the  current  is  disturbed  in  the  same  manner 
as  takes  place  during  the  contraction  of  the  muscle  of  an  animal" 
Tlie  conclusion  here  ni^nls  to  be  checkeii  by  parallel  experiments, 
to  set*  whether  the  same  reversion  of  current  does  not  take  place 
whenever  a  part  of  anv  leaf  or  green  shoot  is  forcibly  bent  upon 
itself. 

.l/7A»r  v^iht  rvjMVM/t>cf.r,  of  the  J>n^^i^rtt  family,  "  may  be  called 
a  uuniatun*  aquatic  /)i<>w.ni  ;"  for,  as  discoveretl  by  Stein  in  1873, 
^  the  biloWd  leavi^s  o[K»n  under  a  suflioiently  higli  temperature, 
auvl  when  touched  suddenly  cKvsiv"  Ixing  submerged,  their  prey 
is  cvMifimnl  to  minute  aquatic  animals.  For  want  of  proj>er  material 
and  oiqK>rtunity,  Mr  Darwin  was  able  to  follow  up  only  for  a  little 
way  the  observatimis  of  Sieiu  and  Cohn, — enough,  "however,  to 
shv»w  that  i:  also  capiun^s  and  consumes  animals,  but  perhaps 
avails  itself  of  the  nitrv^genous  matter  only  when  passing  into 
dtvav.  •  ^  ^ 
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I>ro9ophyUum^  a  rare  represeutative  of  the  order,  confined  to 
Portugal  and  Morocco,  growR  on  the  sides  of  dry  hills  near  Oporto; 
so  that,  as  to  station,  it  is  the  very  counterpart  of  A Idrovanda. 
Its  leaves  are  long  and  slender,  in  the  manner  of  our  DroseraJHi- 
f'-nnis^  and  are  covered  with  much  larger  glands.  To  these  flies 
adhere  in  vast  numbers.  "  The  latter  fact  is  well  known  to  the 
villagers,  who  call  the  plant  the  '  fly  catcher,'  and  hang  it  up  in 
their  cottages  for  this  purpose."  Mr.  Darwin  found  the  glands  in- 
capable of  movement,  ana  their  behavior  in  some  other  respects 
diners  from  that  of  Drosera ;  bat  they  equally  secrete  a  digestive 
juice.  Insects  usually  drag  off  this  secretion  instead  of  being 
fixed  on  the  glands  by  it ;  but  their  fate  is  no  better ;  for  as  the 
poor  animal  crawls  on  and  these  viscid  drops  bedaub  it  on  all 
sides,  it  sinks  down  at  length  exhausted  or  dead,  and  rests  on  a 
still  more  numerous  set  of  small  sessile  glands  which  thickly 
cover  the  whole  surface  of  the  leaf  These  were  till  then  dry  and 
inert,  but  a**  soon  as  animal  matter  thus  comes  in  contact  with 
them,  they  also  secrete  a  digestive  juice,  which,  as  Mr.  Darwin 
demonstrated,  has  the  power  of  dissolving  bits  of  coagulated  al- 
bumen, cartilage,  or  meat,  with  even  greater  readiness  than  that 
of  Drosera, 

Mr.  Darwin  next  records  various  observations  and  experiments 
upon  more  ordinary  glandular  hairs  of  several  plants.  To  certain 
Saxifrages  his  attention  was  naturally  called,  on  account  of  the 
presumed  relationship  of  Droseracerh  to  this  genus.  He  declares 
that  "  their  glands  absorb  matter  from  an  infusion  of  raw  meat, 
fnmi  solutions  of  nitrate  and  carbonate  of  ammonia,  and  appar- 
ently from  decayed  insects.  To  such  ])lant8  the  vast  number  of 
little  insects  caught  may  not  be  useless,  as  they  may  be  to  many 
other  plants  (tobacco,  for  instance)  with  sticky  glands,  in  which 
Mr.  Darwin  could  detect  no  power  of  absorption.  The  prevalent 
i«lea,  that  glandular  hairs  in  general  serve  merely  as  secreting  o" 
excreting  organs,  and  are  of  small  or  no  account  to  the  planx, 
must  now  be  reconsidered.  Those  of  the  common  Chuiese  F^m- 
rose  (Primiila  iSinensU)  although  indifferent  to  animal  infusiions, 
Were  found  to  absorb  quickly  both  the  solution  and  vapor  of  car- 
lK>nate  of  ammonia.  Now,  as  rain-water  contains  a  small  per- 
centage of  ammonia,  and  the  atmosphere  a  minute  quantity  of  the 
carbonate  or  nitrate,  and  as  a  moderate-sized  plant  of  this  primrose 
was  ascertained,  (by  estimate  from  a  count  on  small  measured 
surfaces  by  Mr.  Francis  Darwin)  to  bear  between  2 J  to  3  millions 
of  these  glands,  it  begins  to  dawn  upon  us  that  these  multitudi- 
nous organs  are  neither  mere  excrescences  nor  outlets,  nor  in  any 
just  sense  insignificant. 

Mr.  Darwin  next  investigates  the  densely  crowded  short  glan- 
dular hairs,  with  their  secretions,  which  form  the  buttery  surface 
of  the  face  of  the  leaves  of  Pinf/Kicid't,  the  Hutterwort.  He  finds 
that  the  leaves  of  the  common  Butterwort  have  great  numbers  of 
small  insects  adhenng  to  them,  as  also  grains  of  pollen,  small 
seeds,  &c. ;  that  most  substances  so  lodged  or  placed,  if  yielding 
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i?oluble  matter  to  the  glands,  excite  them  to  increased  secretion ; 
but  that  if  non-nitrogenous  the  viscid  fluid  poured  out  is  not  at 
all  acid,  while  if  nitrogenous  it  invariably  has  an  acid  rt»action  and 
is  more  copious ;  that  in  this  state  it  will  quickly  dissolve  the 
muscles  of  insects,  meat,  cartillasije,  fibrin,  curds  of  milk,  <S:c. ;  that 
when  the  surface  of  a  plane  leaf  is  fed,  by  placing  upon  it  a  row  of 
flies  along  one  margin,  this  margin,  but  not  the  other,  folds  over 
within  twenty  hours  to  envelope  them ;  and  when  placed  on  a 
medial  line,  a  little  below  the  apex,  both  margins  incurve.  He 
concludes  "  that  Phiguictda  vvlguris^  with  its  small  roots,  is  not 
only  8up])orted  to  a  large  extent  by  the  extraordinary  numlwr  of 
insects  which  it  habitually  captures,  but  likewise  drr  ^s  some 
nourishment  from  tlie  ])ollen,  leaves,  and  seeds  of  &'  '-^nts, 

which  otlen  adhere  to  its  leaves.     It  is  therefore  '  /-    '^^ 

table  as  well  as  an  animal  feeder."     The  leavof       ^v    .  >i^      > 
other  species  were  found  capable  of  greater  ^f 
inflection,  and  the  glands  excitable  to  incinoMP* 
bodies  not  yielding  soluble  nitrogenous  BM 

The  aquatic  type  of  this  family  ia  UMm' 
bearing  s])ecie8  of  this  genus  are  to  Plmf 
vmnii  is  to  Dioncea  and  />ra«eror—the ' 
aquatic  animals,  by  a  mechanism  a^ 
JHoncea  itself.     Observations  of  th 
country  by  Mrs.   Treat,   of  Vir 
Darwin's   investigations   were 
aquatic  stomachs,  ever  delr 
really  digest  their  captures, 
their  decay.  \  ^     / 

The  same  must  in  all  probabih       \^    (o^      k7     i 
as  Swra-cenia  and  DarUngtoiiia^  w  \)       ^    (  \ 

to  at  the  close  of  his  volume  but  (*  O 

however,  according  to  Dr.  Hooker's  ^ 

a   higher   dignity,   and   converted   its  ''>> 

This  }>arallelism,  and  this  higher  and  low  J 

organic  ])roducts  by  each  of  the  three  w    >j[S'' 
families  of  plants,  are  highly  suggestive.  J^ 

In  concluding  this  notice  of  a  book  for  whic.  ^ 
to   do  justice — but  which   is  sure  to  be  in  tr. 
interested  readers — there  is  somewhat  to  be  said  . 
disci^very  of  the  lure  in  some  of  our  Sarracenias.       ^  y 

deijrees  to  discover  our  discoverers.     In  this  Journa.  lar 

back  as  the  number  for  August,  1873,  is  a  notice  of  tL  jvery 

of  a  sweet  secretion  at  the  orifice  of  the  })itcher  of  Sarract  jjftfva, 
by  Mr.  B.  F.  Grady,  of  Clinton,  North  Carolina  (in  the  article  by 
an  oversight  called  "Mr.  Hill"),  which  effectively  lures  flies  to 
their  destruction.  This  statement,  made  in  a  letter,  had  been  for 
several  months  in  our  hands,  awaiting  the  opportunity  of  confirma^ 
tion,  when  an  allusion  to  the  same  thing  appeared  in  the  English 
edition  of  LeMaout  and  Decaisne's  System  of  liotany,  without  refer- 
ence to  any  source,  and  on  inquiry  we  learned  that  the  authority 
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for  the  statement  was  forgatten.    But  early  in  the  following  year, 
when  the  monograph  of  the  order  appeared  in  the  last  volume  of 
DeCandoUe's  Prodiomns,  a  reference  was  found  to  a  paper  by 
Dr.  Macbride  in  the  Transactions  of  the  linnnan  Society.    His 
obserrations  (made  upon  &  variolaris)^  it  appears,  were  conmin- 
Dicated  to  Sir  J.  £.  Smith,  read  before  the  Linnasan  Society  in 
1815,  and  published  soon  after.    They  are  referred  to  by  his  sur- 
yiving  friend  and  associate,  Eliott,  in  his  well-known  work,  and 
therefore  need  not  have  gone  to  oblivion,  or  needed  rediscovery 
here  in  our  days  by  Hr.  Grady  and  Dr.  Mellichamp,  the  latter 
greatly  extending  our  knowledge  of  the  subject.    Inx>bably  the 
main  facts  were  all  along  popmarly  known  in  the  regions  these 
ipeeies    affect,    and    where    their   use    as   fly-traps    is    almost 
immemoriaL      But   the  gi^   of  these  remarks  is,  that  a  col- 
league bas  just  called  our  attention  to  an  earlier  publication  than 
that  of  Dr.  Macbride,  viz.,  an  article  on  ^*  Certain  Vegetable 
Muscicapie,''  by  Benjamin  Smith  Barton  (one  of  our  botanical 
fathers),  published  in  Tilloch's  Fbilosophical  Magazine,  for  June, 
1812.     Among  other  matters  not  bearing  directly  upon  this  point, 
he  says  of  Sarracenia,  withont  reference  to  any  particular  species: 
^  A  honeyed  fluid  is  secreted  or  deposited  on  the  inner  suiiiace 
of  the  hollow  leaves,  near  their  faux  or  opening ;  and  this  fluid 
allures  great  numbers  of  the  insects  which  they  are  found  to  con- 
tain into  the  ascidia." 

Here  is  earlier  publication  by  three  years.  Yet  we  suspect  that 
Dr.  Barton  knew  little  about  it  at  first  hand,  and  we  find  clear 
evidence  that  he  had  not  anticipated  Dr.  Macbride.  All  his  refer- 
ences have  an  indefiniteness  quite  in  contrast  with  Dr.  Mac*bride*s 
narrative ;  he  says  that  ^^  some  if  not  all  the  species  of  the  genus 
appear  to  possess  a  kind  of  glandular  function,'^  without  men- 
tioning those  that  have  it,  or  the  absence  of  it  in  the  only 
species  growing  around  him  at  the  north ;  and  he  adds  that  he 
^*  was  entirely  unacquainted  with  this  curious  economy  .  .  .  when 
1  published  the  first  edition  of  my  Elements  of  Botany,  and  even 
when  1  printed  the  appendix  (in  vol.  i)  to  the  second  edition  of 
this  work."  Now  his  paper  is  dated  September  11,  1811 ;  and  the 
Tohime  referred  to,  as  just  printed,  is  dated  1812.  But  Macbride 
states  that  his  observations  were  chiefly  made  1810  and  1811 ;  he 
corresponded  intimately  with  Eliott,  through  whom,  if  not 
directly,  his  observations  would  probably  find  their  way  at  once  to 
the  Philadelphia  naturalists.  a.  g. 

3.  The  Movements  and  Hahita  of  Climbing  Plants;  by 
Charles  Darwin.  Second  edition,  revised,  with  illustrations. 
London :  Murray.  1 876.  pp.  208. — This  most  interesting  trea- 
tise was  read  to  the  Linnaean  Society  over  ten  years  ago  and  pub- 
lished in  the  ninth  volume  of  its  Journal,  in  1865.  l%ere  was  a 
separate  issue,  which  has  long  been  exhausted.  It  is  now  carefully 
re-edited,  considerably  added  to,  and  reproduced  as  an  independent 
volume.  It  will  no  aoubt  be  much  sought  after,  as  the  topic  and 
treatment  of  it  are  peculiarly  fascinating  and  instructive,  and  the 
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book  is  tlirougbout  readable.  Mr.  I)arwin*8  gift  for  making 
things  clear  without  technicalities,  is  as  great  as  that  of  many 
writers  for  enveloping  them  in  technical  obscurity.  Having  given 
an  account  of  this  essay  upon  its  original  appearance,  we  need 
only  mention  the  republication,  which  will  be  within  the  reach  of 
all,  as  an  e^Htion  is  about  to  be  issued  by  Appleton  &  Co.     a.  g 

4.  HfjB'kel'^a  Ziele  und  Wege  der  heutigea  Entwickelnngage- 
scfticht(\ — The  controversy  carried  on  by  Haeckel  in  defence  of 
some  of  his  pet  theories  has  gradually  assumed  a  more  and  more 
personal  character.  The  criticisms  in  his  Generale  Morp/iol- 
ogie  were  shari),  but  justifiable  from  his  standpoint.  In  the 
Schopfungsgtschichte^  they  had  already  become  sensational.  In 
the  Anthropogenie  his  sketches  of  contemporaries  and  his  analysis 
of  their  work  assumed  a  still  more  unpleasant  emphasis;  and  this 
has  now  culminated  in  a  pamphlet  entitled  "  Ziele  uud  Wege  der 
heutigen  Entwickelungsgeschichte." 

It  is  difficult  to  characterize  this  production  without  indulging 
in  the  same  style  of  epithets  which  Hrockel  uses  so  freely.  From 
the  title  we  expected  one  of  those  brilliant  chapters,  which,  how- 
ever untrustworthy,  are  full  of  suggestions ;  we  were  sadly  disap- 
pointed to  find  it  filled  simply  with  abuse  of  His,  GoBtte,  Ludwig, 
Keichert,  Michelis,  Agassiz  and  others. 

We  shall  not  fill  the  pages  of  this  Journal  with  countercharges 
or  explanation ;  a  man  so  skilled  in  coarse  invective,  who  has 
risen  to  such  a  height  of  intolerance,  is  proof  against  anything  so 
tame  as  fact  or  argument.  This  is  not  the  place  to  refute  his 
absurd  claims  to  omniscience,  and  his  assumptions  of  immunity 
for  the  very  offences  he  so  mercilessly  condemns.  According  to 
lla'ckel  it  is  an  unpardonable  sin  for  His  or  Ga3tte  to  give  a  false 
inter])retation  of  what  they  have  seen,  or  for  Ludwig  and  Reichert 
to  differ  from  him  in  his  explanation  of  protoplasm;  but  when 
he  himself,  to  suit  a  purpose,  deliberately  lalsifies  facts,  when  he 
manufjictures  with  names  and  figures  an  archetype  which  never 
existed,  we  are  called  upon  to  be  grateful  that  a  corner  of  the  veil 
shrouding  creation  is  lilted,  and  that  we  are  fortunate  enouirh  to 
live  at  a  time  when  so  infallible  an  interpreter  of  its  mysteries, 
has  taken  up  his  abode  at  Jena. 

In  the  concluding  pages,  devoted  to  Agassiz  and  Michelis,  all  the 
bitterness  of  his  bigotry  and  dogmatism  are  poured  forth  against 
the  latter,  while  he  stoops  so  low  in  his  attacks  on  the  former  as 
to  ])ick  11])  all  the  baseless  slanders  ever  circulated  Viy  his  enemies 
during  his  life.  With  scientific  productions  like  these  we  have  no 
concern.  A  few  more  such  criticisms,  and  Hjeckel's  claim  to  be 
recognized  as  a  true  and  devoted  student  of  nature  will  be  forgot^ 
ten.  In  its  place,  he  will  gain,  what  he  seems  to  seek,  the  front 
rank  among  scientific  demagogues.  a.  ag. 

6.  Memoirs  of  the  American  Association  for  the  Advance- 
ment of  Science,  I.  jFossil  Butterflies  ;  by  S.  H.  1Scudi>er.  99  pp. 
4to,  with  three  plates.  Salem,  1875. — The  sum  of  one  thousand 
dollars  was  given  in  Aug.,  187^^,  by  Mrs.  Elizabeth  Thompson,  of 
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« 
New  York  City,  to  the  AmericaD  Association,  to  be  used,  accord- 
ing to  the  directions  of  the  Standing  Committee,  for  the  promo- 
tion and  publication  of  original  investigations  by  members  of  the 
Association. 

The  memoir  by  Mr.  Scudder  is  the  first  paper  published  by  the 
Thompson  Fund,  and  is  one  which  well  deserves  so  prominent  a 
place.  Mr.  Scudder  has  had  especial  advantages  in  this  work, 
having  with  one  or  two  trifling  exceptions,  as  he  states,  "  either 
personally  inspected  all  the  fossils  described  within  recent  times 
as  butterflies,  or  having  procured  new  and  excellent  original  draw- 
ings of  them.'^  He  has  brought  together  in  this  volume  all  that 
has  been  published  on  this  group  of  fossils  whether  of  t(^xt  or 
illustration,  presenting  thus  a  complete  account  of  our  knowledge 
of  these  insects.  After  the  detailed  descriptions  of  the  genera  and 
species  of  fossil  butterflies,  the  author  discusses  various  related 
topics ;  their  comparative  age,  the  probable  food  plants  of  Tertiary 
caterpillars;  the  present  distribution  of  butterflies  most  nearly 
allied  to  fossil  species,  and  so  on.  The  plates  were  executed  in 
Paris,  and  are  beautiful  examples  of  the  best  lithographic  work. 

IV.   Astronomy. 

1.  SmaU  Planets  recently  discovered. — In  the  number  of  this 
Journal  for  August  last  (p.  158),  a  table  of  the  planets  so  far  as 
No.  146  was  given.  Nine  planets  have  been  since  discovered, 
making  fifteen  during  the  year. 

No.  147  waa  discovered  by  Sohulhof,  at  Vienna,  July  1 0th. 

148  •*  "  Prosper  Henry,  at  Paris,  Aug.  8th. 

149  "  "  Perrotin,  at  Toulouse,  Sept.  2 1  st. 

150  "  "  Watson,  at  Ann  Arbor,  Oct.  19th. 
161     "            "  Palisa,  at  Pola,  Nov.  1st. 

152  "  "  Paul  Henry,  at  Paris,  Nov.  2d. 

153  •'  "  Palisa,  at  Pola,  Nov.  2d. 

154  "  •'  Prosper  Henry,  at  Paris,  Nov.  4th. 

155  "  "  Palisa,  at  Pola,  Nov.  8th. 

156  "  "  Pahsa,  at  Pola,  Nov.  22d. 

157  "  "  Borelly,  Marseilles,  Dec.  1. 

It  has  been  suggested  by  Tietjen  that  No.  152  may  prove  to 
he  Dike  (99).  If  so  the  later  numbers  will  need  to  be  changed  to 
correspond.  ii.  a.  n. 

2.  The  Cape  Catalogue  of  1^159  SUirs^  J  educed  from  ohservor 
tiohs  at  the  Royal  Observatory  at  the  Cape  of  Good  Hope^  binder 
the  sui>€rintendence  of  E.  J.  Stone. — The  Royal  Observatory  at 
the  Cape  of  Good  Hope  was  established  in  1820.  The  leading  idea 
was  to  found  a  first  class  observatory  in  the  southern  hemisphere 
for  work  of  a  character  similar  to  that  of  the  Greenwich  Observa- 
tory in  the  northern  hemisphere.  The  observations  were  to  be 
made  w^ith  instruments  of  the  same  class,  and  the  result  to  be 
dmwn  up  in  the  same  form,  in  order  that  the  whole  might  consti- 
tute two  corresponding  series,  capable  of  comparison  in  all  their 
parts.  No  opportunity  of  making  observations  capable  of  improv- 
mg  our  knowledge  of  the  refraction  of  the  atmosphere,  was  to  be 
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neglected.  Under  the  saccessive  superintendency  of  Fallows, 
Henderson,  and  Sir  Thomas  Maclear,  the  latter  of  whom  arrived 
at  the  Cape  in  1834,  and  of  £.  J.  Stone,  who  arrived  in  1870,  the 
work  of  the  Observatory  has  been  carried  on  under  very  adverse 
circumstances,  and  the  results  thus  far  accomplished  have  some- 
what disappointed  the  earlier  expectation,  and  compare  unfavora- 
bly with  those  achieved  by  the  energies  of  Gilliss  and  Gould. 
Mr.  Fallows  was  able  to  publish  a  small  catalogue  of  star  places ; 
Mr.  Henderson  was  able  to  detect  the  parallax  of  Alpha  CeiUauriy 
and  to  produce  a  very  valuable  catalogue  of  very  accurate  places 
of  a  number  of  stars.  Sir  Thomas  Maclear  seems  to  have  concen- 
trated his  energies  during  many  years  upon  the  measurement  of  an 
arc  of  the  meridian,  of  the  value  of  which  work  there  can  be  but 
one  opinion ;  but  this  was  allowed  to  disorganize  the  other  work  of 
the  observatory  to  such  an  extent  that,  as  Mr.  Stone  states,  he  in 
1870,  found  himself  with  a  very  limited  staff^  unexpectedly  con- 
fronted with  the  results  of  36  years  of  miscellaneous  observations  in 
all  stages  of  reduction,  nothing  completed,  and  nothing  available  for 
publication  and  use,  without  a  considerable  expenditure  of  time  and 
labor.  Under  these  circumstances,  he  has  judged  it  best  to  pay 
especial  attention  to  the  later  years  of  observation,  and  has  com- 
piled a  catalogue  of  places  of  1,169  stars  observed  in  the  years 
1856  to  1861 ;  all  of  them  made  with  transit  circle,  an  instrument 
similar  in  all  respects  to  the  Greenwich  instrument,  which  has 
been  in  use  since  1861.  The  Cape  Catalogue  of  Mr.  Stone,  is 
accompanied  by  a  comparison  of  the  right  ascensions  of  the  clock 
stars  as  observed  at  Greenwich  and  the  Cape  of  Good  Hope,  by 
means  of  which  comparison  some  systematic  errors  are  brought  to 
light,  which  are,  however,  very  small  in  extent,  and  may  be  .them- 
selves attributed  to  the  effect  on  the  clock  of  rapid  changes  of 
temperature  in  the  evenings  during  December,  January,  and  Feb- 
ruary. The  latitude  of  the  observatory  must,  he  thinks,  still  be 
considered  as  uncertain. 

The  printing  of  the  work,  which  was  done  at  Cape  Town, 
does  not  suffer  by  comparison  with  similar  work  in  England. 

C.    ABBE. 

.^.  Observatory  in  the  l\frenees. — An  observatory  has  been  estab- 
lished on  the  Fic  de  Midi,  similar  to  that  on  the  Puy  de  Dome, 
and  chiefly  through  the  efforts  of  General  Nansouty. — L^ Institute 
Dec.  1. 

IV.    Miscellaneous  Scientific  Intelligence. 

1.  Heporta  on  the  Meteorological^  Magnetic^  and  other  Observa- 
tions of  the  Dominion  of  Canada  for  the  calendar  year  ending 
December  81,  1874. — In  this  volume  the  Minister  of  Marine  and 
Fisheries,  Honorable  A.  J.  Smith,  has  given  in  full  a  reprint  of  the 
tri-daily  simultaneous  observations  made  at  a  large  number  of 
stations  throughout  the  Dominion  of  Canada,  together  with  tables 
of  monthly  and  annual  means,  resultant  direction,  and  velocity  of 
the  wind,  etc.     In  consideration  of  the  exceedingly  small  annual 
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appropriation  at  the  disposal  of  Professor  Kingston,  Superintend- 
ent of  the  Meteorological  office  of  the  Dominion,  it  would  seem 
that  the  contributions  to  meteorology  by  that  State  are  highly 
creditable.  Prof.  Kingston  states  that  regular  weather  reports 
are  telegraphed  from  fifteen  Canadian  stations  to  the  Weather 
Bureau  at  Washington,  in  exchange  for  which  a  few  reports  are 
sent  from  the  United  States  by  telegraph,  and  a  large  number  by 
mail.  The  only  station  in  Canada  at  present  furnished  with  self- 
recording  apparatus  is  that  at  St.  Johns  College,  at  Winnipeg, 
where,  by  private  munificence,  an  anemograph  has  been  set  m 
operation  by  the  Bishop  of  Ruperts  Land.  With  reference  to 
3tontreal,  which  ranks  as  one  of  the  chief  stations,  it  is  stated  that 
the  position  of  McGill  College,  on  account  of  its  proximity  to  the 
mountains,  is  singularly  ill  adapted  for  anemometric  observations, 
on  which  account  an  anemometer  was,  in  August,  1874,  erected  on 
a  pole  on  the  summit  of  the  mountain,  and  connected  by  telegraph 
wires  with  the  recording  apparatus  in  the  Observatory  which  is  550 
feet  lower  down  on  the  mountain.  There  are  in  Canada  thirty-five 
stations  to  which  storm  warnings  are  occasionally  forwarded  from 
Toronto.  It  would  appear  that  these  storm  warnings  do  not  give 
80  much  satisfaction  in  the  Canadian  ports  as  do  the  correspond- 
ing ones  in  the  United  States ;  this  deficiency  is  explained  by 
Professor  Kingston  as  due  in  an  important  degree  to  the  errors  of 
incompetent  observers,  or  to  the  failure  in  the  prompt  delivery  of 
reports  to  the  central  office,  but  perliaps  especially  to  the  neglect 
of  the  agents  at  the  drum  stations  to  report  the  results  of  all  storm 
warnings;  and  he  makes  a  suggestion,  which  it  would  be  highly 
desirable  to  carry  into  effect  in  the  United  States,  and,  indeed,  in 
all  countries,  to  the  eftect  that  all  light-house  keepers,  and  all 
other  government  officials  at  inland  places,  as  well  as  on  the  coast, 
l>e  required,  as  a  part  of  their  regular  duty,  to  report  promptly 
by  mail,  in  a  very  bnef  manner,  the  circumstances  attending  any 
gale  that  may  occur  in  their  neighborhood.  Among  the  appen- 
dices to  Professor  Kingston's  report,  is  the  annual  report  of  the 
Director  of  the  Observatory  at  Quebec,  who  states  that  the  new 
observatory  and  house  were  finished  early  in  May,  and  the  instru- 
ment, etc.,  were  removed  thither.  This  observatory  contains 
rooms  for  the  equatorial,  the  transit  and  computing  room  and 
photographic,  and  is  directly  adjacent  to  the  dwelling  of  the 
Director,  Commander  E.  D.  Ashe.  The  principal  work  of  the 
equatorial  consists  in  taking  photographs  of  the  sun's  surface  from 
which  to  determine  the  time  of  rotation,  inclination  of  its  axis,  etc. 
The  principal  routine  work  of  the  observatory,  in  a  commercial 
point  of  view,  is  to  give  the  correct  time  to  the  shipping.  The 
time  ball  is  now  dropped  by  electricity,  and  the  method  has  been 
brought  to  a  considerable  state  of  perfection.  Commander  Ashe 
has  also  entered  heartily  into  the  work  of  determining  latitudes 
and  longitudes  of  points  in  the  Dominion.  c.  a. 

2.  Mt.  St.  Elias, — The  recent  measurements  of  Mr.  W.  II.  Dall, 
Acting  Assistant  U.S.  Coast  Survey,  of  the  height  of  Mt.  St.  Elias, 
make  It  19,464  feet.     The  memoir, — a  part  of  the  Coast  Survey 
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Between  Yokohama  and  Honolulu  the  depth  in  remarkably  uni- 
form, averaging  2,868  fathoms,  and  the  material  of  the  bottom  is 
Report  for  1875 — is  illustrated  by  a  map  and  also  a  plate  contain- 
ing two  views  of  the  Mountain.  The  views,  taken  at  distances  of 
53  and  24  miles,  evidently  have  the  vertical  scales  very  greatly  in- 
creased, as  compared  with  the  horizontal,  but  how  much  is  not 
stated. 

3.  Sea-hoitoin  and  Zoologij  of  the  deep  sea:  the  Challenger^s 
Observations  ;  by  W yville  Thomso.n. — A  gigantic  Hydroid  was 
obtained  June  17th,  in  the  North  Pacific,  34°  37'  N.,  140*  32'  E., 
at  a  depth  of  1,875  fathoms,  where  the  temperature  was  1°"7  C.  and 
the  bottom  gray  mud.  The  species  seemed  to  belong  to  Monocau- 
Ion  of  Sars,  a  Corymorpha-like  solitary  polyp ;  it  measured  from 
tip  to  tip  of  the  expanded  tentacles  9  inches,  and  the  height  of 
the  hvdroid  was  7  feet  4  inches.  Another  was  taken  July  6,  in 
37°  41'  N.,  177°  4'  W.,  at  2,900  fathoms,  the  bottom  red  clay,  but 
with  manganese  nodules,  the  weight  of  which  tore  the  trawl.  The 
hydroid  is  too  delicate  in  texture  to  bear  the  rough  change  from  the 
bottom  to  the  surface.  The  tentacles  of  the  proximal  range  are 
about  100  in  number  ard  4  inches  lonir.  Ihe  sporosacs  are  in 
close  tufts  at  the  base  of  the  tentacles.  This  gigantic  Corymor- 
joAoid?  was  associated  on  June  17th,  with  Ophidoids,  Macrurids, 
Scopellids,  several  Gasteropods,  Crustaceans  related  to  Dorippe^ 
Galat/ie(f,  Caridids^  and  a  fine  ScalpeUum^  a  few  Annelids,  many 
Echinoderms  (JSrisinga,  Phfurmosoma^  Ophiurids^  Holothxirids)^ 
and  on  July  15th,  there  were  some  Aphroditids^  a  sea-urchin 
related  to  Diadema^  Holothurids,  sponges. 

The  clayey  material  of  the  bottom,  brought  up  June  17,  was  in 
a  peculiar  concretionary  state,  and  bored  by  an  Annelid  of  the 
Aphrodite  group,  some  of  which  were  still  in  the  burrows. 

In  a  sounding  of  June  28th,  of  2,80n  fathoms,  a  Rhizopod-like 
form  was  obtained,  between  the  Radiolarians  and  the  Foramini- 
fers,  its  test  siliceous  as  in  the  former,  but  the  shape  as  in  the 
latter;  their  tests  were  extremely  abundant  in  the  "red-clay." 
There  were  also  obtained  a  IScalpeUum^  a  number  of  Annelids, 
Echinoderms  of  the  genera  Pourtalesia^  Archaster^  Brisingay 
Antedort,  a  Comidaria^  specimens  of  Fungia  symmetrica^  some 
ActinlfP,  On  July  2d,  in  2,050  fathoms,  the  bottom  was  a  light 
brownish  ooze,  with  many  Glohigerina  shells;  several  specimens 
of  an  undescribed  Hytdonema  were  brought  up. 

The  cold  water  which  fills  up  the  trough  of  the  Pacific  is 
regarded  by  Professor  Thomson  "  an  indraught  from  the  Southern 
Sea,"  as  in  the  Atlantic;  and  in  both  oceans  the  bottom  water  is 
constantly  moving  northward.  The  temperature  of  the  water  for 
the  first  thousand  fathoms  in  the  Pacific,  in  the  corresponding 
latitude  of  35°  N.,  is  much  lower  than  in  the  Atlantic.  Further, 
in  the  Atlantic  the  temperature  sinks  gradually,  though  very 
slightly,  through  the  last  thousand  fathoms  to  the  bottom,  while 
in  the  Pacific,  the  minimum  temperature  of  1  "7  C.  is  reached  at  a 
depth  not  greater  than  1,400  fathoms,  and  from  that  depth  to  the 
bottom  the  temperature  is  the  same. 
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''red  clay,"  somewhat  grayer  than  the  typical  "red  clay,"  con- 
taining some  pumice,  numerous  siliceous  shells,  the  proportion  of 
which  increases  with  the  depth,  and  scarcely  a  trace  of  carbonate 
of  lime  (although  the  water  swarms  with  "  ooze-lbrming  "  Forami- 
nifers).  The  pumice  was  often  penetrated  with  peroxide  of  man- 
ganesi*,  and  concretions  of  the  same  oxide  were  abundant  in  the 
"red  clay."  These  concretions  are  rounded  or  mammillated, 
fibrous-concentric  in  structure,  and  often  have  a  nucleus  of  some 
foreign  body,  as  pumice,  a  shark's  tooth,  or  some  other  organic 
relic ;  and  in  one  case  a  fragment  of  a  Hexactinellid  sponge 
was  preserved  as  a  beautiful  fossil  at  the  middle.  "  The  singular 
point  is  the  amount  of  this  manganese  formation  and  the  vast  area 
which  it  covers."  Life  was  found  to  be,  "although  not  very 
abundant  in  species  by  no  means  meagre,"  in  the  North  Pacific  at 
depths  between  2.000  and  3,000  fathoms,  all  the  larger  inverte- 
brate groups  being  represented.  In  one  dredging,  at  a  depth  of 
3,125  fathoms,  a  small  sponge  was  obtained,  a  species  of  Cor- 
hularia^  an  Actinia^  an  Annelid  in  a  tube  and  a  Bryozoon.  ''  We 
were  again  struck  with  the  wonderful  uniformity  of  the  fauna  at 
these  depths — if  not  exactly  the  same  species,  very  similar  repre- 
H'ntatives  of  the  same  genera  existing  in  all  parts  of  the  world." 
—Erir  acts  from  articles  in  Mature  of  Oct.  28  and  Nov.  26. 

The  Challenger  an-ived  at  Valparaiso  November  19tli,  on  her 
way  home. 

4.  Report  of  an  Expedition  up  the  Yellowstone  River^  made  in 
1875 ;  by  T.t.  Col.  J.  W.  Forsyth  and  Lt.  Col.  F.  D.  Gkant, 
un<ler  the  orders  of  Gen.  P.  H.  Sheriden.  17  pp.  8vo,  with  a 
map.  Washington,  1875. — This  expedition  succeeded  in  navigating 
the  Yellowstone  River  to  a  distance  of  483  miles  above  its  month, 
the  only  obstacles  to  farther  progress  being  the  exccpsively  rapid 
current.  It  was  found  that  the  water  of  the  Yellowstone  is  deeper 
than  that  of  the  Missouri,  above  the  point  where  the  two  rivers 
join.  Some  interesting  views  accompany  the  report,  and  also  a 
large  map  of  the  river,  by  Lieut.  K.  F..  Thompson. 

5.  I^eliminary  Report  of  Iiktplorations  in  Nebraska  and 
Lakotn  in  the  years  1855,  '56,  '57  y  by  Gen.  G.  K.  Warren, 
U.  S  A.  125  pp.  8vo.  Washington,  1875. —This  is  a  reprint  of 
the  report  of  Gen.  Warren,  originally  published  in  lb'58,  and 
noticed  in  this  Journal  II,  xxvii,  378.  The  present  volume  is 
issued  in  view  of  the  general  interest  now  felt  in  the  Black  Hills 
country,  the  original  report  being  practically  inaccessible. 

G.  Atti  della  ^Societa  Toscana  di  IScienze  Naturali  Residente  in 
Pisa,  Vol.  I.  Parts  1  and  2.  146  pp.  roy.  8vo.  Pisa.  1875. — 
These  first  publications  of  the  Tuscan  Society  of  Science  in  Pisa, 
contain  papers  on  the  mammalian  fauna  of  the  Pliocene  of 
Tuscany,  by  C.  I.  F.  3Iajor;  on  the  fishes  of  the  same  by  R. 
Lawley ;  on  Eocene  corals  of  Friule  by  D'Achiardi ;  on  the 
natrolite  (savite)  and  analcite  of  Pomaja,  by  D'Achiardi,  and 
other  papers  geological  and  zoological,  by  Meneghini,  De  Stefani, 
Baraldi,  Richiardi,  with  one  botanical,  Sulla  teoria  Algolichenica, 
by  G.  ArcangelL 
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OBITUABY. 

Emile  Kopp,  Professor  of  Chemistry  in  the  Polytechnic  School 
of  Zurich,  died  on  the  30th  of  November  at  the  age  of  fifty- 
nine  years.  He  was  an  Alsatian  by  birth,  and  held  a  chair 
in  the  University  of  Strasbourg  previous  to  1848.  He  took  an 
active  part  in  the  revolution  of  that  year,  and  was  one  of  the  Dep- 
uties who  escaped  to  Switzerland  at  the  time  of  Louis  Napoleon  s 
coup  cTetcU.  While  residing  in  Switzerland  he  was  appointed 
Professor  of  Chemistry  at  Lausanne,  but  he  left  the  country  vol- 
untarily, with  the  other  French  exiles,  when  their  rendition  was 
demanded  by  the  French  government.  Passing  into  England, 
Kopp  supported  himself  for  several  years  as  a  private  tutor  at  Man- 
chester, and  at  the  same  time  familiarized  himself  with  the  great 
chemical  industries  of  that  vicinity.  The  influence  of  his  sojourn  in 
England  was  strikingly  manifest  throughout  his  subsequent  career. 
After  the  lapse  of  several  years  he  was  permitted  to  return 
to  France  on  the  parol  of  one  of  the  Senators  of  that  period  (prolv 
ably  M.  Dumas)  who  pledged  himself  that  the  returned  exile 
should  in  no  way  interfere  with  the  imperial  government.  On 
reaching:  Paris,  Kopp  opened  a  private  laboratory  for  instruction 
in  applied  chemistry,  which  was  maintained  for  several  years,  and 
was  always  filled  with  students.  From  this  laboratory  he  was 
called  to  the  charge  of  extensive  works  for  the  manufacture  of 
steel  at  Saveme,  hi  the  east  of  France,  which  place  he  left  some 
years  later  to  assume  the  chair  of  applied  chemistry  in  the  Uni- 
versity of  Turin,  whence  he  was  soon  called  to  Zurich. 

For  many  years  Kopp  exhibited  great  literary  activity,  and  he 
is  probably  best  known  to  the  generality  of  chemists  from  his 
remark.-ible  compilations  relating  to  the  history  and  progress  of 
the  coal-tar  colors  and  of  the  madder  colors.  He  was  largely  in- 
strumental in  writing  Hofmann's  famous  report  on  the  Chemical 
Products  and  Processes  of  the  Inteniational  Exhibition  of  1862, 
as  was  duly  acknowledged  by  Pro£  Hofmann.  This  report,  as  is 
well  known,  has  served  as  a  model  upon  which  most  subsequent 
reports  upon  chemical  matters  have  been  based.  But,  in  spite  of 
much  writing,  he  accomplished  a  great  deal  of  work  in  the  way 
of  research,  notably  in  respect  to  the  coloring  matters  just  men- 
tioned, and  in  other  departments  of  calico-printing.  He  devised 
novel  processes  for  maKing  soda  from  salt,  and  for  the  recovery  of 
sulphur  from  soda-waste,  and  published  numerous  observations 
upon  a  great  variety  of  subjects. 

His  familiarity  with  the  methods  and  processes  of  technical 
chemistry,  as  applied  in  different  countries,  was  very  great,  and 
his  judgment  of  them  was  singularly  sound  and  impartial.  He 
labored  untiringly  to  inform  himself  of  all  improvements  and  dis- 
coveries in  the  domain  of  chemical  technology,  and  was  doubtless 
at  the  time  of  his  death  one  of  the  best  teachers  of  applied  chemis- 
try that  has  ever  lived. 

Wheatstonk. — Sir  Charles  Wheatstone  died  at  Paris,  on  the 
19th  of  October,  at  the  age  of  seventy-three  years. 
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1884,  he  made  a  tour  through  France  and  Spain,  visiting  rnany 
of  the  mines  in  the  latter  country,  and  making  many  observa- 
tion? on  the  geology  of  the  regions  through  which  he  passed. 
In  1888,  his  uncle  dying,  Mr.  Logan  resigned  his  position  at 
Swansea.  But  the  nine  years  he  spent  here  were  well-spent 
years ;  for  not  only  had  he  gained  a  practical  knowledge  of 
mining  and  metallurgy,  which  afterwards  proved  of  the  greatest 
value  to  him,  but  had  done  a  large  amount  of  very  excellent 
geological  work — work  which  caused  Dr.  Buckland,  of  Oxford, 
to  say  of  him,  '*He  is  the  most  skillful  geological  surveyor  of  a 
coal-field  I  have  ever  known.'*  Duringliis  stay  at  Swansea,  he 
was  an  active  worker  for  the  interests  of  the  Koyal  Institution 
of  South  Wales.  He  was  Honorary  Secretary  and  Curator  of 
the  geological  department,  and  the  Institution  is  indebted  to 
him  for  valuable  collections  of  minerals  and  metallurgical  pro- 
ducts, besides  books,  drawing  and  laboratory  apparatus.  The 
whole  of  his  geological  work  m  South  Wales  he  placed  gratuit- 
ously at  the  disposal  of  the  Ordnance  Geological  Survey  of 
Great  Britain,  and  it  was  not  only  gladly  accepted,  but  pub- 
lished "  without  alteration,'*  and  made  the  basis  of  future  work 
in  that  region.  Concerning  it,  Sir  H.  T.  De  la  Beche  after- 
wards wrote  as  follows : 

**  Prior  to  the  appearance  of  the  Geological  Survey  in  that 
part  of  the  country,  Mr.  W.  E.  Lo^n  had  carefully  investigated 
It,  and  at  the  meeting  of  the  British  Association  for  the  Ad- 
vancement of  Science,  held  at  Liverpool  in  1837,  he  exhibited 
a  beautifully  executed  map  of  it 

"The  work  on  this  District  being  of  an  order  so  greatly 
superior  to  that  usual  with  geologists,  and  corresponding,  in  the 
minuteness  and  accuracy  oi  its  detail,  with  the  maps  and  sec- 
tions executed  by  the  (Jrdnance  Geological  Survey,  we  felt  de- 
sirous of  availing  ourselves  of  it,  when  Mr.  Logan  most  hand- 
somely placed  it  at  our  disposal.  Having  verified  this  work 
with  great  care,  we  find  it  so  excellent  that  we  shall  adopt  it 
for  that  part  of  the  country  to  which  it  relates,  considering  it 
but  fair  and  proper  that  Mr.  Logan  should  obtain  that  credit  to 
which  his  labors  so  justly  entitle  him. 

**  His  sections  are  all  levelled  and  measured  carefully  with 
proper  instruments,  and  his  maps  are  executed  with  a  precision 
only  as  yet  employed,  except  in  his  case,  on  the  Ordnance  Geo- 
logical Survey  ;  it  being  considered  essential  on  that  survey,  for 
the  right  progress  of  geology,  and  the  applications  to  the  useful 
purposes  of  life,  that  this  accuracy  ana  precision  should  be 
attamed.** 

In  1840,  Logan  read  a  paper  before  the  Geological  Society  of 
London,  in  which  he  explained,  for  the  first  time,  the  true  rela- 
tion of  the  Siigmaria  underclays  to  the  overlying  beds  of  coal, 
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sbowinff  that  the  underclay  was  the  soil  in  which  the  plants 
grew  which  were  afterwards  converted  into  coal.  Of  the  100 
thick  and  thin  coal-seams  in  the  South  Wales  coal-field,  he 
found  that  not  a  single  one  was  without  an  underclay,  and  the 
inference  appeared  to  be  that  there  was  some  essential  connec- 
tion between  the  production  of  the  one  and  the  existence  of  the 
other.  *'To  account,"  said  he,  "for  the  unfailing  combination 
by  drift,  seems  an  unsatisfactory  hypothesis  ;  but  whatever  may 
be  the  mutual  dependence  of  tlie  pnenomena,  they  give  us  rea- 
sonable grounds  to  suppose  that  in  the  IStigmarui  ficoides  we 
have  the  plant  to  which  the  earth  is  mainly  indebted  for  those 
vast  stores  of  fossil  fuel  which  are  now  so  indispensable  to  the 
comfort  and  prosperity  of  its  inhabitants.*' 

So  much  did  he  become  interested  in  this  subject  that  in  the 
following  year  (184U  he  crossed  to  America,  and  visited  the 
coal-fields  of  Pennsvivania  and  Nova  Scotia,  in  order  to  ascer- 
tain  whether  the  same  conditions  existed  there.  Such  he  found 
to  be  the  case  ;  and  in  the  following  spring  he  read  an  interest- 
ing paper  before  the  Geological  Society,  the  object  of  which,  to 
use  his  own  words,  **  was  to  state  the  occurrence  immediately 
below  the  coal-seams  of  America  of  the  same  Stigmaria  beds  as 
had  been  observed  below  those  of  South  Wales,  and  to  show 
the  importance  of  this  prevailing  fact"  Shortly  after  his  re- 
turn from  America,  he  also  visited  coal-seams  in  the  neighbor- 
hood of  Falkirk,  Scotland,  there  too,  finding  the  St'gmaria  clays 
beneath  the  coal. 

It  was  during  his  visit  to  Nova  Scotia,  in  1841,  that  he  dis- 
covered in  the  Lower  Coal-measures  of  Horton  Bluff  the  foot- 
prints of  a  reptilian  animal — a  discovery  which,  perhaps,  failed 
to  attract  as  much  attention  as  it  deserved,  although  it  was  the 
first  instance  in  which  any  trace  of  reptiles  had  been  detected 
as  low  down  in  the  geological  scale  as  the  Carboniferous,  The 
winter  of  1841-42  was  also  spent  in  Canada,  and  the  facts  were 
obtained  for  a  paper  on  the  packing  of  ice  in  the  St.  Lawrence, 
which  was  subsequently  read  before  the  Geological  Societ}^  of 
London. 

Such,  briefly,  was  the  career  of  Logan  previous  to  his  ap- 
pointment as  Director  of  the  Geological  Survey  of  Canada. 
Already  he  had  acquired  a  reputation  in  Britain  as  a  geologist, 
and  had  given  himself  the  best  of  trainings  for  the  work  upon 
which  he  was  about  to  enter  on  this  side  of  the  Atlantic.  But 
what  was  meantime  passing  in  Canada?         *         *         *         -Jf 

'*In  July,  1841,  in  the  first  United  Parliament,  a  petition 
from  the  I^atural  Uistory  Society  of  Montreal,  praying  for  aid 
to  carry  out  a  systematic  geological  survey  of  the  Province, 
was  presented  by  Mr.  B.  Holmes.  It  was  referred  to  a  select 
committee  consisting  of  Messrs.  Holmes,  Neilson,  Quesnel,  Mer- 
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lit,  and  the  Hon.  Mr.  Killaly,  but  it  was  not  reported  on.  A 
similar  petition  was  present^  by  Mr.  Black,  from  the  Literary 
and  Historical  Society  of  Quebec,  which  was  read.  The  gov- 
ernment took  up  the  matter,  and  on  the  motion  of  the  Hon.  B. 
Harrison,  the  sum  of  £1,600  sterling  for  the  purpose  of  a  sur- 
vey was  introduced  into  the  estimates."* 

Lord  Sydenham  dying  in  1841,  it  fell  to  his  successor,  Sir 
Charles  Bagot,  to  appoint  a  Provincial  Geologist.  Sir  Charles 
referred  the  matter  to  Lord  Stanley,  Secretary  of  State  for  the 
Colonies,  and  His  Lordship,  on  recommendation  of  Murchison, 
De  la  Beche,  Sedgwick,  and  Buckland,  offered  the  position  to 
Mr.  Logan  in  the  spring  of  1842. 

Logan  was  now  thoroughly  in  love  with  geology,  and  seeing 
in  Canada  the  grandest  of  fields  for  original  research,  at  once 
accepted.  Still  he  well  understood  the  difficulties  which  lay 
before  him,  and  shortly  afterwards  addressed  the  following 
words  to  De  la  Beche :  "  You  are  aware  that  I  have  been  ap- 

Sointed  by  the  Provincial  Government  of  Canada  to  make  a 
eological  Survey  of  that  Colony.  The  extent  and  nature  of 
the  territory  will  render  the  task  a  most  laborious  one ;  but  I 
am  fully  prepared  to  spare  no  exertion  of  which  I  am  capable 
to  render  the  work,  when  it  is  completed,  satisfactory  to  those 
who  have  instituted  the  examination  and  creditable  to  myself 
*  *  No  one  knows  better  than  yourself  how  difficult  it 
would  be  for  one  person  to  work  with  effect  in  all  the  branches 
of  so  extensive  a  subject  To  carry  out  the  field-work  with 
vigor,  to  reduce  all  the  sections  with  the  requisite  d^ree  of 
accuracy,  and  map  the  geographical  distribution  of  the  rocks,  to 
collect  minerals  and  fossils,  and  to  analvze  the  one,  and  by 
laborious  and  extensive  comparisons,  to  determine  the  geologi- 
cal age  of  the  other,  is  quite  impossible  without  a  proper  divis- 
ion of  labor.  *  *  In  Canada,  all  the  expensive  means 
of  palsBontological  comparison  have  yet  to  be  brought  together. 
There  is  no  arranged  collection  of  fossils,  and  no  such  thing  as 
a  geological  library  to  refer  to." 

Arriving  in  Canada  late  in  August,  1842,  Logan  devoted 
several  months  to  making  a  preliminary  examination  of  the 
country,  and  to  collecting  information  with  regard  to  the  topo- 
graphical work  which  had  been  accomplished.  This  was  done 
entirely  at  his  own  expense.  In  December,  he  returned  to 
England  to  fulfill  engagements  there,  but  came  out  again  in  the 
following  spring.  Dunng  his  visit  to  the  old  country,  he  was 
so  fortunate  as  to  secure  the  services  of  Mr.  Alexander  Murray, 
a  gentleman  who  afterwards  proved  himself  an  invaluable  assist- 
ant and  friend,  and  who  has  contributed  largely  to  our  knowl- 
edge of  the  geology  of  (Janada,  and,  more  recently,  to  that  of 
Newfoundland. 

*From  Soobie'8  Canadiaii  Almanac  for  1861. 
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Reaching  Hali&x  on  the  20th  of  May,  Logan  spent  several 
weeks  in  examining  portions  of  the  coal-fields  of  PJova  Scotia 
and  New  Brunswick,  and  it  was  at  this  time  that  he  made  his 
section  of  the  Coal  Measures  at  the  South  Joggins,  which,  as 
has  been  truly  said,  is  **a  remarkable  monument  of  his  indus- 

Sand  powers  of  observation."  It  gives  details  of  nearly  the 
ole  thickness  of  the  coal  formation  of  Nova  Scotia,  or  14,670 
feet,  including  76  beds  of  coal  and  90  distinct  Stigmaria  under- 
claya.  Shortly  after  his  visit  to  the  Joggins,  he  wrote  to  a 
friend  as  follows :  "  I  never  before  saw  such  a  magnificent  sec^: 
tion  as  is  there  displayed.  The  rocks  along  the  coast  are  laid 
bare  for  thirty  miles,  and  every  stratum  can  be  touched  and 
e^Lamined  in  nearly  the  whole  distanca  A  considerable  portion 
has  a  high  angle  of  inclination,  and  the  geological  thickness  thus 
brought  to  view  is  very  great.  I  measured  and  registered  every 
bed  occurring  in  a  horizontal  distance  of  ten  miles,  taking  the 
angle  of  dip  all  the  way  along.''  And  again,  in  a  letter  to  De 
la  Beche  written  in  the  spring  of  ltt44,  referring  to  the  Joggins 
section,  he  says :  ''Since  my  return  from  field-work,  I  have  re- 
duced all  the  measurements  and  made  out  a  vertical  column. 
It  occupies  fifty-four  pages  of  foolscap,  closely  written,  and  you 
will  be  astonished  at  the  details  in  it  ' 

Reaching  Gasp6  early  in  July,  the  summer  and  autumn  were 
spent  in  making  an  examination  of  the  coast,  while  Mr.  Murray 
was  at  work  in  the  Upper  Province,  examining  the  country  be- 
tween Lakes  Huron  and  Eria  The  Gasp^  peninsula  had  been 
selected  by  Mr.  Logan  as  the  field  for  his  firat  operations,  as  it 
was  thought  that  outlying  patches  of  the  Carboniferons  might 
be  found  to  exist  there,  and  the  government  was  especially 
anxious  to  ascertain  whether  there  was  any  truth  in  the  re- 
ported occurrence  of  coal. 

The  following  season,  the  work  in  Gasp6  was  continued,  the 
Director  being  this  time  accompanied  by  Mr.  Murray,  who,  in 
1845,  again  carried  on  the  work,  while  Mr.  Logan  was  engaged 
in  explorations  on  the  Upper  Ottawa  and  Mattawan.  Alto- 
gether, during  the  three  seasons,  800  miles  of  the  Gasp6  coast 
were  examined,  and  several  sections  made  across  the  peninsula, 
from  the  St.  Lawrence  to  Bay  Chaleur.  No  coal  was  found,  but 
many  geological  facts  of  importance  were  accumulated,  and  a 
large  amount  of  topographical  work  accomplished  in  what  was 
previously  almost  a  terra  incognita. 

"Living  the  life  of  a  savage,  sleeping  on  the  beach  in  a 
blanket  sack  with  my  feet  to  the  fire,  seldom  taking  my  clothes 
off,  eating  salt  pork  and  ship's  biscuit,  occasionally  tormented 
by  mosquitoes, ' — such  is  the  record  which  Logan  has  left  us  of 
his  Q^isp^  life,  the  foretaste  of  what  was  to  be  endured  for  many 
years.     From  early  dawn  till  dusk  he  paced  or  paddled,  and  yet 
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his  work  was  not  finished,  for  while  his  Indians — often  his  sole 
companions — smoked  their  pipes  round  the  evening  fire,  he 
wrote  his  notes  and  plotted  the  day's  measurements. 

To  give  details  of  his  work  during  the  many  remaining  years 
of  his  life  would  be  to  write  a  booK ;  and  all  that  we  can  do 
here  is  to  trace  briefly  what  his  movements  were,  at  the  same 
time  calling  special  attention  to  those  of  his  labors  which  have 
given  him  a  world-wide  fame. 

The  summer  of  1846  found  him  studying  the  copper-bearing 
rocks  of  Lake  Superior.  These  he  showed  to  consist  of  two 
groups  of  strata,  the  "  upper "  and  the  **  lower,"  the  latter  of 
which  was  seen  at  Thunder  Bay  to  rest  unconformably  upon 
chloritic  slates  belonging  to  an  older  series,  to  which  the  name 
of  Huronian  was  subsequently  given.  This  older  set  of  rocks, 
which  he  had  already  observed,  in  1846,  on  Lake  Temiscamang, 
he  had  ample  opportunity  of  studying  in  1848,  when  he  de- 
voted several  months  to  an  examination  of  the  Canadian  coast 
and  islands  of  Lake  Huron,  where  the  formation  attains — as 
shown  by  Murrav — a  thickness  of  18,000  feet 

The  seasons  of  1847  and  1849,  and  a  portion  of  that  of  1848, 
were  employed  in  studying  the  rocks  of  the  Eastern  Townships. 
Part  of  these  were  shown  to  be  a  prolongation  of  the  Green 
Mountains  of  Vermont,  and  to  consist  of  altered  Silurian  strata 
instead  of  "Primary  strata,"  as  was  previously  supposed  by 
American  geologists.  In  1849  also,  a  short  time  was  spent  in 
an  examination  of  the  rocks  about  Bay  St  Paul  and  Murray 
Bay,  where  coal  had  been  reported  to  exist  The  member  for 
Saguenay  County  had  previously  made  application  to  the  Leg- 
islature for  means  to  carry  on  boring  operations  in  the  vicinity 
of  Bay  St  Paul,  but  before  his  request  was  granted  it  was 
deemed  advisable  to  obtain  the  opinion  of  the  Provincial  Geolo- 
gist By  this  means  the  Government  was  saved  a  large  and  use- 
less expenditure  of  money. 

In  1850  an  examination  was  made  of  the  gold-bearing  drift  of 
the  Chaudi^re,  and  the  auriferous  district  found  to  extend  over 
an  area  of  between  8,000  and  4,000  square  miles.  Most  of  the 
year,  however,  was  devoted  to  the  collection  of  specimens  for 
the  London  Exhibition  of  1851,  at  which  Mr.  Logan  acted  as 
Juror.  His  visit  to  England  at  this  time  must  have  been  for 
him  an  agreeable  cbanga  After  a  lapse  of  eight  years  to  meet 
again  with  men  like  De  la  Beche,  Murchison  and  Lyell,  to  hear 
from  their  own  lips  of  the  strides  which  science  had  been  mak- 
ing, and  in  turn  to  tell  of  all  that  he  had  himself  seen  and  done  : 
surely  this  was  a  treat  that  none  but  the  scientific  man  can 
understand  who  has  long  been  well-nigh  deprived  of  the  society 
of  brother  scientists.  For  him,  however,  there  was  little  relaxa- 
tion from  labor,  for  he  toiled  early  and  late  in  order  that  the 
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CanadiaQ  minerals  might  be  displayed  to  the  best  advantage. 
And  every  one  knows  the  result — the  collection  elicited  uni- 
versal admiration,  and  Mr.  Logan  received  a  highly  compli- 
mentary letter  of  thanks  from  the  Prince  Consort,  and  was 
elected  a  Fellow  of  the  Royal  Society,  his  name  having  been 
proposed  by  Sir  Roderick  Murchison. 

Beturning  to  Canada  in  August,  before  the  close  of  the  Ex- 
hibition, his  explorations  were  renewed  with  undiminished 
vigor,  and  the  remainder  of  the  season  devoted  to  an  examina- 
tion of  the  rocks  in  the  county  of  Beauharnois,  where  the  Pots- 
dam sandstones  bad  afforded  those  curious  tracks  of  crustaceans 
to  which  Owen  gave  the  name  of  Protichnites,  and  to  a  further 
study  of  the  Chaudiftre  gold  region.  During  the  winter  he 
again  visited  England  to  attend  to  the  distribution  of  a 
portion  of  the  Exhibition  collection  which  was  to  be  left  there, 
and  to  see  to  the  return  of  the  remainder. 

In  1852  an  examination  was  made  of  a  strip  of  country  on  the 
north  side  of  the  St  Lawrence,  extending  from  Montreal  to 
Cape  Tourmente  below  Quebec  The  distribution  of  the  fossil- 
iferous  rocks  was  accurately  determined,  and  several  excursions 
were  made  into  the  hilly  "metamorphic  country"  to  the  north. 
Id  his  report  on  this  season's  operations,  published  in  1864,  Logan 
for  the  first  time  designated  the  rocks  comprising  these  hills  as 
the  "Laurentian  series,"  substituting  this  for  "  metamorphic 
series,"  the  name  which  he  had  previously  employed,  but 
which,  as  he  says,  is  applicable  to  any  series  of  rocks  in  an 
altered  condition. 

The  following  season  was  spent  among  the  Laurentian  hills 
of  Greiiville  and  the  adjoining  townships,  a  field  which  proved 
so  attractive  that  he  afterward  returned  to  it  in  1856  and  1858. 
Xearly  the  whole  of  lbb4t  was  occupied  in  making  preparations 
for  the  Exhibition  which  was  to  take  place  at  Paris  in  the  fol- 
lo^nsr  year,  and  to  which  Mr.  Logan  was  to  go  as  one  of  the 
Canacfian  Commissioners.  It  was  in  the  autumn  of  1854  also, 
that  a  select  committee  was  appointed  by  the  Canadian  Govern- 
ment to  inquire  into  the  best  method  of  making  the  information 
acquired  by  the  Geological  Survey  more  readily  accessible  to 
the  public.  A  lengthy  report  on  the  subject — indeed  on  the 
entire  working  of  the  Survey — was  published,  and  the  evidence 
which  it  contains  is  of  a  most  flattering  character,  both  as  re- 
gards the  Director  and  those  associated  with  him. 

Then  came  the  Paris  Exhibition  of  1855,  at  which  the  repre- 
sentation of  the  economic  minerals  of  Canada  was  so  complete 
and  the  arrangement  so  admirable  that  the  collection  attracted 
universal  attention.  This  in  itself  Logan  would  have  regarded 
asanoply  repaying  him  for  his  trouble;  but  greater  honor  was 
in  store  for  him.     The  Imperial  Commission  presented  him  with 
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the  grand  gold  medal  of  honor,  and  the  Emperor  of  the  Fren 
made  him  a  Chevalier  of  the  Legion  of  Honor.  Early  in  t 
following  year  (1866)  he  was  knighted  by  Queen  Victoria,  ai 
received  from  the  G-eological  Society  of  London  the  WoUast 
Palladium  Medal  in  recognition  of  nis  distin^ished  labors 
geology.  Long  previous  he  had  won  the  confidence  and  estet 
of  his  fellow-countrymen  in  Canada,  but  this  seemed  to  be 
fitting  time  to  testify  to  him  their  appreciation  of  his  worl 
Accordingly,  on  his  return  to  Montreal,  the  citizens  present 
him  with  a  testimonial  on  which  were  engraved  the  words : 

**In  commemoration  of  his  long  and  useful  services  as  Pi 
vincial  Geologist  in  Canada,  and  especially  his  valuable  servic 
in  connection  with  the  Exhibition  of  all  Nations  in  London 
1851,  and  in  Paris  in  1856,  by  which  he  not  only  obtained  1 
himself  higher  honor  and  more  extended  reputation,  but  large 
contributed  in  making  known  the  natural  resources  of  his  nati 
country." 

The  Natural  History  Society  of  Montreal  presented  him  wi 
an  address,  and  made  nim  an  honorary  member,  while  the  mei 
bers  of  the  Canadian  Institute  of  Toronto,  of  which  Sir  Willia 
was  the  first  President,  had  his  protrait  painted  and  hung  i 
in  their  hall.  They  also  presented  him  with  an  address  expn 
sive  of  their  afiFectionate  esteem  and  respect  Sir  Willian 
reply  to  this  was  so  full  of  feeling,  and  so  highly  characterist 
that  we  give  a  portion  of  it :  **  Whatever  distinctions,"  said 
"  may  be  bestowed  on  us  at  a  distance,  it  is  upon  the  respe 
esteem,  and  confidence  shown  us  at  home,  that  our  happine 
and  satisfaction  must  chiefly  depend.  I  can  assure  you  wi 
sincerity  that  the  honor  conferrea  upon  me,  when  you  elected  r 
the  first  President  of  the  Institute,  was  one  highly  prized,  i 
though  the  circumstances  of  a  distant  domicile,  and  the  inte 
pursuit  of  the  investigations  with  which  I  am  charged,  render 
It  extremely  difficult  for  me  to  be  of  much  use  in  your  procec 
ings.  ....  It  is  a  fortunate  circumstance  for  me  th 
my  name  should  be  connected  with  an  act  of  grace  on  the  pt 
of  Her  Majesty,  which  serves  to  confirm  your  feeling  in  rega: 
to  the  fact  that  as  Canadians  we  enjoy  a  full  share  in  the  honr 
and  privileges  of  British  subjects.  And  I  am  proud  to  thii 
that  It  was  perhaps  more  because  I  was  a  Canadian,  in  whc 
the  inhabitants  of  the  Province  had  reposed  some  trust,  th 
the  honor  which  has  been  conferred  upon  me  by  Her  Majes 
was  so  easilv  obtained.  That  I  am  proud  of  the  honors  whi< 
have  been  oestowed  upon  me  by  tne  Emperor  of  France, 
respect  to  my  geological  labors,  and  also  by  my  brother  geol 
gists  in  England,  there  can  be  no  doubt  But  I  have  striven  f 
these  honors  because  I  have  considered  they  would  tend  to  pr 
mote  the  confidence  which  the  inhabitants  of  the  Province  ha^ 
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reposed  in  me,  in  my  endeavors  to  develop  the  truth  in  regard 
to  the  mineral  resources  of  the  Province ;  and  in  this  work  none 
conld  have  been  more  interested  in  my  success  than  the  mem- 
bers of  this  Institute."* 

In  August,  1857,  the  American  Association  for  the  Advance- 
ment of  Science  held  its  annual  meeting  in  Montreal,  and  for 
several  months  previous  Sir  William  was  hard  at  work  getting 
his  museum  in  readiness  to  receive  his  brother  geologists. 
Owing  largely  to  his  untiring  exertions,  the  meeting  was  a  most 
saooessfiil  ona  He  himself  read  two  interesting  papers,  one  on 
the  "Huronian  and  Laurentian  Series  of  Canada,  and  another 
on  the  **  Sub-division  of  the  Laurentian  Eocks  of  Canada  " 
After  the  business  of  the  Association  was  concluded,  accom- 
panied by  Professor  Ramsay,  who  had  come  over  to  represent 
the  Geological  Society  of  London,  and  Professor  Hall,  he  made  a 
Geological  tour  through  New  York  State.  Returning  from  this 
trip,  he  spent  the  autumn  months  among  the  Laurentian  Rocks 
of  GrenviUa  Here  too,  as  already  mentioned,  he  continued  to 
work  during  the  season  of  1858. 

For  several  years  after  this,  his  time  was  much  taken  up  with 
the  preparation  and  publication  of  the  Geology  of  Canada  and 
its  accompanying  Atlas,  the  former  of  which  appeared  in  1868, 
and  the  latter  in  1865.  Before  these  could  be  completed,  how- 
ever, many  facts  had  to  be  added  to  the  stock  already  obtained, 
and  besides  a  large  amount  of  geological  work  among  the  Lau- 
rentian rocks  of  Grenville  and  the  rocks  of  the  Eastern  Town- 
ships, a  personal  examination  of  many  parts  of  the  country,  as 
well  as  of  portions  of  the  New  England  States,  was  renaered 
necessary. 

In  18t>2,  Sir  William  was  again  present,  in  the  capacity  of 
Juror,  at  the  London  International  Exhibition,  and  again  dis- 
played a  large  and  interesting  collection  of  economic  minerals. 
Another  opportunity  of  seeinor  his  scientific  friends  in  Britain 
was  also  afforded  him  in  1864,  when  he  went  to  London  to 
superintend  the  engraving  of  the  Atlas  already  mentioned.  In 
1866,  a  geological  collection  was  again  prepared  for  the  Paris 
Exhibition  of  1867,  and  Sir  William  worked  so  closelv  in 
getting  up  a  geological  map  to  accompany  it  that  he  is  said  to 
have  nearly  ruined  his  eyesight  1868  found  him  once  more  on 
this  side  of  the  Atlantic,  hard  at  work  in  the  Pictou  coal-field, 
and  the  results  of  this  season's  work  constitute  the  last  of  his 
reports.  In  1869,  he  resigned  his  appointment  to  Mr.  Selwyn, 
the  present  Director  of  tlie  Survey. 

The  few  remaining  years  of  his  life  were  occupied  chiefly 
with  a  study  of  the  rocks  of  the  Eastern  Townships  and  por- 
tions of  New  England:  but,  unfortunately,  the  conclusions  at 
which  he  arrived  concerning  them  were  not  published. 

*  Can.  Journal,  New  Series,  vol  i,  p.  404. 
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No  man  has  done  as  much  as  Sir  William  Lo^an  to  briDg 
Canada  before  the  notice  of  the  outside  world,  and  no  man  is 
more  deserving  of  being  held  in  remembrance  by  the  people. 
Just  as  statesmen  or  generals  have  risen  up  at  the  moment  of 
greatest  need  to  frame  laws  or  fight  battles  for  their  country, 
so  Sir  William  appeared  to  reveal  to  us  the  hidden  treasures  of 
Nature,  just  at  a  time  when  Canada  needed  to  know  her  wealth 
in  order  to  appreciate  her  greatness  For  rising  nations  require 
to  know  what  their  resources  are.     He  possessed  rare  qualities — 

Dualities,  which,  combined,  eminently  fitted  him  for  his  work. 
[e  was  strong  in  body,  of  active  mind,  industrious  and  dog- 
gedly persevering,  painstaking,  a  lover  of  truth,  generous, 
possessed  of  the  keenest  knowledge  of  human  nature,  sound  in 
judgment,  but  always  cautious  in  expressing  an  opinion. 

He  belonged  to  that  school  of  geologists — unfortunately  not 
so  numerously  represented  as  it  ought  to  be — whose  motto  is, 
**  Facts,  then  theories,*'  and  was  wholly  above  rasping  down 
facts  to  make  them  fit  theories.  As  a  consequence,  he  rarely 
had  to  un-say  what  was  once  said ;  and  this  is  why  he  so  thor- 
oughly gained  the  public  confidence.  So  long  as  he  felt  that 
he  was  in  the  right,  he  held  to  his  own  views  as  tenaciously  as 
did  ever  any  true  Scot ;  but  if  shown  to  be  in  the  wrong,  he 
knew  how  to  surrender  gracefully. 

Those  who  have  clambered  with  him  over  our  loff-strewn 
Laurentian  hills  know  well  what  were  his  powers  of  endurance. 
He  never  seemed  to  tire,  never  found  tne  days  lonff  enough. 
His  field-books  are  models  of  carefulness,  replete  with  details, 
and  serve  as  an  example  of  the  painstaking  way  in  which  he 
did  all  his  work.  They  were  written  in  pencil,  but  r^ularly 
inked  in  at  night,  when  the  camp  fire  was  often  his  only  light. 
In  addition  to  his  field-book  proper,  he  frequently  kept  a  diary, 
and  delighted  to  jot  down  little  every-day  occurrences,  or  sketch 
objects  of  interest — for  the  hand  that  could  so  well  wield  a 
hammer,  could  also  guide  a  pencil  and  produce  drawings  of  no 
mean  artistic  skill  His  descriptions  of  his  backwoods  expe- 
riences are  often  verv  amusing,  and  we  cannot  resist  giving  a 
specimen.  He  had  been  traveling  through  the  forest  for  two 
months  and  had  suddenly  come  upon  the  house  of  a  settler 
called  Barton,  whose  good  wife  was  justly  alarmed  when  Sir 
William  and  party  entered  her  dwelling.  Sir  William  describes 
his  appearance,  on  this  occasion,  as  follows : — "  We  are  all  pretty- 
looking  figures.  I  fancy  I  cut  the  nearest  resemblance  to  a  scare- 
crow. What  with  hair  matted  with  spruce  gum,  a  beard  three 
months  old,  red,  with  two  patches  of  white  on  one  side,  a  pair  of 
cracked  spectacles,  a  red  flannel  shirt,  a  waistcoat  with  patches 
on  the  left  pocket, — where  some  sulphuric  acid,  which  1  carry 
in  a  small  vial  to  try  for  the  presence  of  lime  in  the  rocks,  had 
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leaked  through, — a  jacket  of  moleskin,  shining  with  grease,  and 
trowsers  patched  on  one  knee  in  four  places,  and  with  a  burnt 
hole  in  the  other :  with  beef  boots — Canada  boots,  as  they  are 
called — torn  and  roughened  all  over  with  scraping  on  the  stumps 
and  branches  of  trees,  and  patched  on  the  legs  with  sundry 
pieces  of  leather  of  divers  colors ;  a  broad-brimmed  and  round- 
topped  hat,  once  white,  but  now  no  color,  and  battered  into  all 
shapes.  With  all  these  adornments,  I  am  not  surprised  that 
Mrs.  Barton,  speaking  of  her  children,  and  saying  that  here 
was  '*a  little  fellow  frightened  of  nothing  on  earth,"  should 
qualify  the  expression  by  saying,  "  but  I  think  he's  a  little 
scared  at  yoiL,  Sir.'* 

It  was  not  alone  in  the  field  that  Sir  William  was  busy.  His 
office  work  was  often  most  arduous,  and  during  the  earlier  years 
of  his  directorship,  in  addition  to  preparing  nis  annual  report, 
he  even  kept  the  accounts,  entering  every  item  of  expenditure, 
80  that  he  could  at  any  time  show  exactly  how  every  penny  of 
the  public  money  placed  at  his  disposal  had  been  spent.  He 
also  tells  us  that,  with  his  own  hands,  he  made,  at  that  time, 
four  manuscript  copies  of  the  Annual  Report  of  Progress,  often 
reaching  more  than  one  hundred  printed  pages — one  copy  for 
the  Government,  one  for  the  House  of  Assembly,  one  for  the 
Legislative  Council,  and  one  for  the  printer. 

His  manner  of  living  was  simple  as  it  was  solitary.  Like  his 
four  brothers,  he  never  married,  nor  does  he  seem  to  have 
formed  many  intimate  friendships.  Still  every  one  who  knew 
him  loved  him  and  respected  him,  and  if  you  go  the  length  and 
breadth  of  all  the  land,  you  will  everywhere  hear  his  praises, 
alike  from  rich  and  poor. 

He  peculiarly  possessed  the  power  of  inspiring  others  with  his 
own  enthusiasm ;  not  only  those  in  his  employ,  but  even  un- 
educated farmers  and  backwoodsmen — men  who,  as  a  rule,  are 
rather  sceptical  about  the  advantages  to  be  derived  from  geology. 

Though  possessed  of  private  means,  he  spent  little  upon  him- 
self: not  that  he  was  parsimonious,  but  he  cared  not  for  fashion 
or  luxury.  But  with  him  Science  never  pleaded  her  needs  in 
vain.  The  first  grant  of  the  Legislature,  to  make  a  geological 
survey  of  the  Colonies,  was  £1,500 — an  amount  which.  Sir 
William  quaintly  remarked,  was  but  a  drop  of  what  would  be 
required  to  float  him  over  twenty-five  degrees  of  longitude  and  ten 
of  latitude.  This  was,  of  course,  very  soon  spent,  and  not  only 
this,  but  at  the  end  of  the  second  year  the  Survey  was  £800 
in  his  debt,  and  he  had  no  guarantee  whatever  that  his  money 
would  be  returned  to  him.  Since  then  the  Survey  has  been 
constantly  indebted  to  him  for  books,  instruments,  and  other 
aids,  and  the  building  on  St.  James  street,  now  used  for  office 
purposes,  was  built  by  him,  two  years  ago,  and  rented  to  the 
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G-ovemment  for  about  half  the  amount  which  he  could  have 
obtained  from  other  tenants.  To  Logan  also,  McG-ill  University 
owes  much;  for,  in  1864,  he  founded  and  endowed  the  "Logan 
Gold  Medal "  for  an  honor  course  in  geology  and  natural  science, 
and,  in  1871,  gave  $19,000,  which,  together  with  $1,000  given 
by  his  brother,  the  late  Mr.  Hart  Logan,  forms  the*  endowment 
of  the  **  Logan  Chair  of  G-eology." 

Since  resigning  his  position  as  Director  of  the  Geological  Sur- 
vey, he  has  earned  on  explorations  at  his  own  expense,  and,  at 
the  time  of  his  death,  arrangements  had  been  nearly  completed 
for  putting  down  a  bore-hole  in  the  Eastern  Townships,  at  a  cost 
of  $8,000 :  as  he  thought  that  this  would  enable  him  to  prove 
the  truth  of  his  views  with  regard  to  the  age  of  the  metamor- 
phic  rocks  thera     ,     .     .     . 

Sir  William  was  the  first  to  give  us  any  definite  information 
about  those  wondrous  old  Laurentian  rocks  which  form  the 
backbone  of  our  continent  He  showed  us  that  they  were  older 
than  the  Huronian,  and  that  they  consisted  of  a  great  series  of 
metamorphosed  sedimentary  rocks,  which  are  divisible  into  two 
unconformable  groups,  with  a  combined  thickness  of  not  less 
than  30,000  feet  Tne  great  beds  of  limestone  which  he  found 
in  the  lower  series,  the  plumbago,  the  iron  ores,  the  metallic  sul- 
phurets,  all  seem  to  point  to  the  existence  of  life  in  the  Lau- 
rentian days ;  but  the  discovery  of  Eozoon  Oanadense  made 
conjecture  give  place  to  certainty.  Now  we  know  that  the  world 
of  that  far-off  time  was  not  a  lifeless  world.  Life,  whatever  that 
may  be,  had  been  joined  to  matter. 

The  first  specimens  of  Eozooik.  were  found  by  Dr.  James 
Wilson,  of  Perth ;  but  at  the  time  of  their  discovery  were  regarded 
merely  as  minerals.  In  1858,  however,  Mr.  J.  McMuUen,  of 
the  Geological  Survey,  discovered  other  specimens,  the  organic 
origin  of  which  so  struck  Sir  William  that  in  the  following 
year — four  years  before  their  true  structure  and  affinities  were 
determined  by  Dawson  and  Carpenter — he  even  exhibited  them 
as  fossils  at  the  meeting  of  the  American  Association. 

In  widely  extending  our  knowledge  of  the  early  geological 
history  of  the  earth.  Sir  William  has  done  a  great  work ;  indeed 
this  may  be  regarded  as  his  greatest  work.  Its  importance  has 
everywhere  been  recognized,  and  the  name  Laurentian,  which 
he  cnose  for  the  rocks  at  the  bottom  of  the  geological  scale  in 
America,  has  crossed  the  Atlantic,  and  is  now  applied  to  the 
homotaxial  rocks  of  Europe.  Sir  Roderick  Murchison,  who 
dedicated  the  fourth  edition  of  "  Siluria  "  to  Sir  William  Logan, 
even  substituted  Laurentian  for  "  Fundamental  Gneiss,"  the 
name  which  he  had  given  to  the  rocks  of  the  West  Highlands  of 
Scotland.  "I  at  first,"  says  Murchison,  "termed  them  'Funda- 
mental Gneiss,'  and  soon  after,  following  my  distinguished  friend 
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Sir  William  Logan,  1  applied  to  them  his  terra,  *  Laurentian/ 
and  thus  clearly  distinguished  them  from  the  younger  gneissic 
and  micaceous  crystalline  rocks  of  the  Central  and  Eastern 
Highlands,  which  were  classed  as  metamorphosed  Lower 
Silurian." 

Logan  was  not  a  voluminous  writer,  and  during  the  later 
years  of  his  life  writing  was  a  great  effort  to  him.  Occasional 
papers  from  his  pen  have  appeared  in  the  Transactions  of  the 
Geological  Society  of  London,  in  the  Canadian  Naturalist  and 
the  Canadian  Journal  and  some  of  these  have  alreadv  been 
referred  to ;  but  most  of  what  he  has  written  is  to  be  found  in 
the  Reports  of  Progress  annually  submitted  to  the  Government, 
and  in  that  invaluable  book,  the  Oeohgy  of  Canada^  which  is, 
to  a  large  extent,  a  digest  of  what  is  contained  in  the  reports 
publish^  previous  to  1868.  He  sometimes  expressed  himself 
quaintly,  but  everything  he  wrote  is  clear  and  exceedingly 
concise. 

In  addition  to  being  a  Fellow  of  the  Royal  Society  and  of 
the  Geological  Societies  of  London  and  Paris,  he  was  a  member 
of  numerous  other  learned  societies  both  in  Europe  and  America. 
At  the  time  of  his  death,  and  for  many  years  previous,  he  was 
one  of  our  Vice-Presidents ;  but  though  frequently  solicited  to 
accept  the  office  of  President,  he  always  declined, — not  on  ac- 
count of  any  lack  of  interest  in  the  Society,  but  he  felt  his 
time  was  too  fully  occupied  to  permit  of  his  successfully  dis- 
charging the  Presidential  duties.  We  have  already  alluaed  to 
some  of  the  medals  which  were  awarded  to  him  ;  but  it  may  be 
mentioned  that  altogether  he  was  the  recipient  of  more  than 
twenty,  including  two  from  the  Royal  Society. 

And  now,  in  concluding,  let  me  say  to  you,  my  friends,  if 
you  would  do  honor  to  the  memory  of  that  noble  old  man,  who 
fought  so  long,  so  bravely,  for  his  country,  for  science,  for  you, 
then  honor  the  cause  for  which  he  fought :  strive  with  all  your 
might  to  advance  the  interests  of  that  cause,  and  to  raise  up  a 
superstructure  befitting  the  solid  foundation  which  Logan  has 
laid.  He  himself  even  hoped  to  build  the  superstructure ;  but 
his  anticipations  were  not  realized,  for  life  was  not  long  enough, 
and  we  must  take  up  the  mantle  which  he  has  dropped. 

B.  J.  HARRINGTON. 
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Art.  Vn. — On  Recent  Researches  in  Snund;  by  Wm.  B.  Taylor. 

[OoDtinaed  from  page  41.] 

IV. 

The  communication  of  Professor  Reynolds  "On  the  Refrac- 
tion of  Sound  by  the  Atmosphere,"  is  m  two  parts ;  the  first  of 
which  considers  "The  eflfect  of  Wind  upon  Sound,"  and  the 
second  part  "The  eflTect  of  variations  of  Temperature."  The 
experiments  were  all  made  in  "  a  fiat  meadow  of  considerable 
extent ;"  and  the  apparatus  employed  "  consisted  of  an  electri- 
cal bell  mounted  on  a  case  containing  a  battery.  The  bell  was 
E laced  horizontally  on  the  top  of  the  case,  so  that  it  could  be 
card  equally  well  in  all  directions;  and  when  standing  on  the 
ground,  the  bell  was  one  foot  above  the  surface."  An  anemome- 
ter was  also  used  to  determine  the  velocitv  of  the  wind.  (Pro- 
ceedings of  the  Royal  Society;  republished  in  the  L.  E.  D. 
Phil.  Mag.,  for  July,  1875,  vol.  1,  p.  67.) 

The  experiments  were  made  on  four  difiFereut  days,  the  6th, 
9th,  10th,  and  11th  of  March,  1874;  and  on  the  last  two  days 
the  ground  was  covered  with  snow,  which  furnished  an  oppor- 
tunity of  comparing  the  eflfect  of  different  surfaces  on  the  range 
of  Sound.  Additional  experiments  were  made  on  the  14th  of 
March. 

ri.]  "  On  all  occasions  the  eflFect  of  wind  seems  to  be  rather 
against  distance  than  against  distinctness.  Sounds  heard  to 
windward  [that  is  against  the  wind]  are  for  the  most  part  heard 
with  their  full  distinctness;  and  there  is  only  a  comparatively 
small  margin  between  that  point  at  which  the  sound  is  percep- 
tiblv  diminished,  and  that  at  which  it  ceases  to  be  audible." 
(Phil.  Mag.,  p.  68.) 

[2,]  The  sound  of  the  alarm-bell  was  always  heard  "farther 
with  the  wind  than*  at  right-angles  to  its  direction ;  [contrary  to 
the  old  observation  of  De  La  Roche  in  1816, — which  was 
obviously  an  exceptional  one ;]  and  when  the  wind  was  at  all 
strong,  the  range  with  the  wind  was  more  than  double  that  at 
right  angles.  ....  With  the  wind,  over  the  grass  the  sound 
could  be  heard  140  vards,  and  over  the  snow  360  yards,  either 
with  the  head  lifted  or  on  the  ground ;  whereas  at  right-angles 
to  the  wind,  on  all  occasions  the  range  was  extended  by  raising 
either  the  observer  or  the  bell."     (p.  68.) 

[8.]  When  the  wind  was  light^the  sound  beyond  the  distance 
of  20  yards,  was  much  less  audible  at  the  ground  than  a  few  feet 
above  it;  and  when  inaudible  in  every  direction  at  standing 
height,  the  sound  could  be  distinctly  recovered  by  mounting  a 
tree.     The  same  result  was  obtained  by  raising  the  alarm-bell 
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upon  a  post  4  feet  high ;  which  while  materially  increasing  the 
range  of  the  sound — even  in  the  direction  of  the  slight  wind,  in 
all  other  directions  doubled  the  range.  This  is  explained  by 
Professor  Reynolds,  by  the  continual  waste  and  destruction  of 
the  sound  waves  which  pass  along  the  rough  surface  of  the 
ground  gr  ^rass,  causing  the  waves  immediately  above  to 
diverge  contmually  downward,  to  be  in  like  manner  absorbed  ; 
the  effect  of  which  is  to  gradually  weaken  the  sound  more  and 
more,  as  the  waves  proceed ;  so  that  even  "  when  there  is  no 
wind,  the  distant  sounds  which  pass  above  us  are  more  intense 
than  those  we  hear."     (p.  68.) 

[4.]  Whatever  therefore  tends  to  gradually  bend  downward 
the  sound  rays  will  increase  their  sensible  range.  Professor 
Reynolds  found  by  observations  with  the  anemometer  that  the 
velocity  of  the  wind  increased  from  the  ground  upward ;  (pp. 
63,  r>4)  and  hence  it  must  give  greater  rapidity  to  the  upper  por- 
tion of  the  sound  waves  in  the  direction  in  which  it  is  blowing 
and  cause  their  impulses  to  continually  tip  downward.  "This 
was  observed  to  be  the  case  on  all  occasions.  In  the  direction  of 
the  wind  when  it  was  strong,  the  sound  could  be  heard  as  well 
with  the  Bead  on  the  ground  as  when  raised,  even  when  in  a 
hollow  with  the  bell  hidden  from  view  by  the  slope  of  the 
ground:  and  no  advantage  whatever  was  gained  either  by 
ascending  to  an  elevation,  or  raising  the  bell."     (p.  68.) 

[5.]  *•  Elevation  was  found  to  affect  the  range  of  sound 
against  the  wind  in  a  much  more  marked  manner  than  at  right- 
angles.  Over  the  grass  no  sound  could  be  heard  with  the  head 
on  the  ground  at  20  yards' from  the  bell,  and  at  30  yards  it  was 
lost  with  the  head  3  feet  from  the  ground,  and  its  full  intensity 
was  lost  when  standing  erect  at  30  yards.  At  70  yards  when 
standing  erect  the  sound  was  lost  at  long  intervals,  and  was 
only  faintly  heard  even  then ;  but  it  became  continuous  again 
when  the  ear  was  raised  9  feet  from  the  ground,  and  it  reached 
its  full  intensity  at  an  elevation  of  12  feet.''  (p.  69.)  The 
same  results  were  obtained  with  snow  on  the  ground,  excepting 
that  the  sound  was  heard  somewhat  lower,  being  less  dissipated 
or  absorbed  by  the  surface  contact.  At  160  yards  the  bell  was 
inaudible — even  at  an  elevation  of  25  feet,  and  the  sound  was 
supposed  to  be  hopelessly  lost:  but  at  a  further  elevation  of  33 
feet  from  the  ground,  it  was  again  heard  ;  while  at  6  feet  lower  it 
was  lost  At  the  proper  elevation  the  sound  appeared  to  be  as 
well  heard  against  the  wind  as  with  it,  at  the  same  distance. 
These  last  two  observations  very  strikingly  correspond  with 
and  confirm  the  observations  of  llenry  [3],  and  [4J. 

[6.]  "  The  least  raising  of  the  bell  was  followed  by  a  con- 
siderable intensifying  of  the  sound ;"  and  while  it  could  be 
heard  only  70  yards  when  resting  on  the  ground,  (i.  e.,  one  foot 
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high),  when  set  on  a  post  6  feet  high,  it  could  be  heard  160 
yards,  or  more  than  twice  the  distance, — the  sound-beams 
evidently  rising  faster  at  or  near  the  ground,  than  they  do 
higher  up.  (p.  69.)  **The  intensity  of  the  sound  invanably 
seemed  to  waver,  and  as  one  approached  the  bell  from  the  wind- 
ward side,  the  sound  did  not  intensify  uniformly  or  g7*adually, 
but  by  fits  or  jerks."  This  is  suppos^  to  be  the  result  of  the 
more  or  less  curved  sound  rays  crossing  each  other  at  a  small 
angle  and  producing  an  **  interference."     (p.  70.) 

A  subsequent  experiment  was  made  on  the  14th  of  March, 
during  a  strong  west  wind,  its  velocity  at  an  elevation  of  12 
feet  being  87  feet  per  second,  at  8  feet,  38  per  second,  and  at 
one  foot  from  the  ground  (there  being  no  snow  on  the  grass)  17 
feet  per  second.  While  the  results  as  to  varying  ranse  fully 
confirmed  the  previous  experiments,  the  raising  of  the  bell 
caused  the  sound  to  be  heard  even  better  jgainst  the  wind  than 
in  the  direction  of  the  wind.  (p.  71.)  This  curious  circum- 
stance is  explained  by  Professor  Reynolds  as  "  due  to  the  fact 
that  the  variation  in  the  velocity  of  the  air  is  much  greater  near 
the  ground,  than  at  a  few  feet  above  it ;"  and  **  when  the  bell  is 
raised  the  rays  of  sound  which  proceed  horizontally  will  be 
much  less  bent  or  turned  up  than  those  which  go  down  to  the 
ground ;  and  consequently  after  proceeding  some  distance  these 
rays  will  meet  or  cross,  and  if  the  head  be  at  this  point  they 
will  both  fall  on  the  ear  together,  causing  a  sound  of  double 
intensity.  It  is  this  crossing  of  the  rays  also  which  for  the 
most  part  causes  the  interference  "  just  mentioned,     (p.  71.) 

Professor  Reynolds  concludes  that  "these  experiments  es- 
tablish three  things  with  regard  to  the  transmission  of  sound : 
1.  That  when  there  is  no  wind,  sound  proceeding  over  a  rough 
surface  is  more  intense  above  than  below.  2.  That  as  long  as 
the  velocity  of  the  wind  is  greater  above  than  below,  sound  is 
lifted  up  to  windward  and  is  not  destroyed.  3.  That  under  the 
same  circumstances  it  is  brought  down  to  leeward,  and  hence 
its  range  extended  at  the  surface  of  the  ground.  These  experi- 
ments also  show  that  there  is  less  variation  in  the  velocity  of 
the  wind  over  a  smooth  surface  than  over  a  rough  one.  It 
seems  to  me  that  these  facts  fully  confirm  the  hypothesis  pro- 
pounded by  Prof.  Stokes;  that  they  place  the  action  of  wind 
beyond  question  ;  and  that  thev  afibrd  explanations  of  many  of 
the  anomalous  cases  that  have  been  observed."     (p.  71.) 

[7.]  In  regard  to  the  second  part  of  the  communication, 
treating  of  the  effect  of  Temperature  differences  in  refracting 
sound,  Professor  Reynolds  shows  that  as  **  every  degree  of  tem- 
perature between  32°  and  70°  adds  approximately  one  foot  per 
second  to  the  velocity  of  sound,"  there  must  necessarily  be  an 
upward  flexure  of  the  rays,  whenever  by  reason  of  any  consid- 
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erable  increase  of  temperature  in  the  lower  strata  of  the  air,  the 
lower  portion  of  the  sound  waves  is  projected  in  advance  of 
the  upper  portion,  (p.  71.)  Atmospheric  vapor  also,  though 
exercising  but  little  direct  influence  on  the  velocity  of  sound, 
"nevertheless  plays  an  important  part  in  the  phenomena  under 
consideration ;  for  it  gives  to  the  air  a  much  greater  power  of 
radiating  and  absorbing  heat,  and  thus  renders  it  much  more 

susceptible  of  changes  in  the  action  of  the  sun It  is  a 

well-known  fact  that  the  temperature  of  the  air  diminishes  as 
we  proceed  upward,  and  that  it  also  contains  less  vapor.  Hence 
it  follows  that,  as  a  rule,  the  waves  of  sound  must  travel  faster 
below  than  they  do  above,  and  thus  be  refracted  or  turned 
upward.'*     (p.  72) 

The  variation  of  temperature  will  be  greatest  in  a  quiet  at- 
mosphere when  the  sun  is  shining.  The  report  of  Mr.  Glaisher 
•'On  eight  Balloon  Ascents  in  1862''  showea  that  **The  decline 
of  temperature  [upward]  near  the  earth  with  a  partially  clear 
sky  is  nearly  double  that  with  a  cloudy  sky."*  **  During  the 
night  the  variations  are  less  than  during  the  day.  This  reason- 
ing at  once  suggested  an  explanation  of  the  well-known  fact  that 
sounds  are  less  intense  dunng  the  day  than  at  night  This  is  a 
matter  of  common  observation,  and  has  been  the  subject  of 
scientific  enc^uiry."  (p.  78.)  The  opinion  must  here  be  haz- 
anied  that  this  familiar  phenomenon  has  first  received  its  true 
and  satisfactory  explanation  from  Professor  Reynolds. 

Assuming  that  for  a  few  hundred  feet  upward,  the  diminu- 
tion of  temperature  on  a  clear  summer  day  is  1^  for  each  hun- 
dred feet,  a  horizontal  sound-ray  would  be  bent  up  in  an  arc 
hiiving  a  radius  of  about  20  miles.  From  a  cliff  235  feet  high, 
a  sound  should  be  audible  from  1^  to  2  miles  on  the  sea,  and 
the  ray  should  then  begin  to  rise  above  the  observer's  head. 
This  is  shown  to  accord  very  closely  with  the  observation  of 
Tyndall  [6].  Professor  Reynolds  after  quoting  the  observation 
at  length,  remarks :  "  Here  we  see  that  the  very  conditions 
^hich  actually  diminished  the  range  of  the  sound  were  precisely 
those  which  would  cause  the  greatest  lifting  of  the  waves. 
And  it  may  be  noticed  that  these  facts  were  obser\^ed  and  re- 
corded by  Professor  Tyndall  with  his  mind  altogether  unbiased 
m\\\  any  thought  of  establishing  this  hypothesis.  He  was  look- 
ing for  an  explanation  in  quite  another  direction.  Had  it  not 
been  so  he  would  probably  have  ascended  the  mast  and  thus 

♦  Mr.  Glaiiiher  remarks :  "  From  these  results  we  may  conclude  that  in  a 
cloody  state  of  the  sky,  the  decline  of  temperature  is  nearly  uniform  up  to  the 
clouds :  tliat  with  a  clear  sky  the  greatest  change  is  near  the  earth,  being  a 
dedine  of  1"  in  less  than  100  feet,  gradually  decreasing  as  in  the  general  law 
indicated  in  the  preceding  section,  till  it  requires  300  feet  at  the  height  of  6,000 
feet,  for  a  change  of  1°  of  temperature."    (Rep.  Brit.  Assoc,  1862,  p.  4G2.) 
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found  whether  or  Dot  the  sound  was  all  the  time  passing  over 
his  head.  On  the  worst  day  an  ascent  of  30  feet  should  have 
extended  the  range  nearly  one  quarter  of  a  mile.''  (Phil.  Hag., 
p.  76.) 

V. 

The  instructive  result,  brought  into  view  by  the  forgoing 
summaries,  is  that  the  differences  noticed  are  essentially  thoee 
of  interpretation,  and  not  to  any  important  extent,  of  observation: 
an  illustration  if  any  were  needed,  of  the  high  and  rare  order  of 
imaginative  insight  requisite  to  the  successful  investigation  of 
the  more  recondite  operations  of  natural  law.  The  differing 
actions  of  acoustic  reflection  and  acoustic  refraction  suggested  by 
the  ingenious  hypotheses  of  Humboldt  and  of  Stokes,  and  es- 
poused respectively  by  Tyndall  and  Henry,  are  probably  both 
operative  but  their  relative  importance  has  yet  to  be  established. 
It  is  certain,  as  already  indicated,  that  some  of  the  phenomena 
observed  lie  quite  beyond  the  reach  of  the  acoustic  cloud 
hypothesia 

A  particularly  interesting  case  which  is  claimed  with  equal 
confidence  for  either  theory,  is  the  remarkable  observation  of 
General  Duane,  that  at  Portland,  Maine,  the  steam  whistle  on 
Cape  Elizabeth,  nine  miles  distant,  ^^can  always  be  distinctly 
heard  '*  with  ^*  the  wind  blowing  a  gale  directly  toward  the 
whistle"  or  against  the  sound.  (£.  H.  Rep.,  p.  100.)  At  Port- 
land Head,  about  midway  between  this  fog-whistle  and  the 
point  of  observation  is  another  signal,  —  a  Daboll  trumpet 
While  both  these  signals  are  better  heard  with  an  adverse 
wind  (^*a  heavj  northeast  snow  storm")  than  at  other  times, 
yet  "as  the  wmd  increases  in  force,  the  sound  of  the  nearer 
nistrument — the  trumpet — diminishes,  but  the  whistle  becomes 
more  distincC^  (R^Pm  P*  92.)  The  abnormal  influence  of  the 
wind  in  reversing  the  order  of  these  two  signals  is  not  the  least 
surprising  feature  of  the  general  phenomenon. 

rrofessor  Tyndall  believes  that  this  curious  observation  only 
"  proves  the  snow-laden  air  from  the  northeast  to  be  a  highly 
homogeneous  medium ;"  (Sound,  Preface,  p.  19,)  the  interven- 
ing air  at  other  times  being  acoustically  less  transparent. 

rrofessor  Henry  supposes  "  that  during  the  continuance  of 
the  storm,  while  the  wind  was  blowing  from  the  northeast  at 
the  surface,  there  was  a  current  of  equal  or  greater  intensity 
blowing  in  an  opjwsite  direction  above,  by  which  the  sound 
was  carried  in  direct  opposition  to  the  direction  of  the  surface 
current;"  (Rep.,  p.  92) — somewhat  in  the  nature  of  a  vertical 
cyclone,  lie  adds :  "  The  existence  of  such  an  upper  current  is 
in  nro.onlanoo  with  the  hypothesis  of  the  character  of  a  north- 
east Htonn,  which  sometimes  rages  for  several  days  at  a  given 
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point  on  the  coast  without  being  felt  more  than  a  few  miles  in 
the  interior,  the  air  continuously  flowing  in  below  and  going 
out  above.  Indeetl  in  such  cases  a  break  in  the  lower  clouds 
reveals  the  fact  of  the  existence  above  of  a  rapid  current  in  the 
opposite  direction."    (p.  92.) 

Professor  Henry's  attention  had  been  directed  to  this  point  as 
early  as  1865,  by  discovering  that  a  signal  was  audible  against 
the  wind  at  the  mast-head  oi  a  vessel,  after  ceasing  to  be  audi- 
ble on  deck :  Obs.  [4].  "  This  remarkable  fact  at  first  sug- 
gested the  idea  that  sound  was  more  readily  conveyed  by  the 
upper  current  of  air  than  the  lower,  and  this  appeared  to  be  in 
accordance  with  the  following  statement  of  Captain  Keeney, 
who  is  commander  of  one  of  the  light-house  vessels,  and  has 
been  for  a  long  time  on  the  banks  of  Newfoundland  in  the 
occupation  of  fishing :  *  When  the  fishermen  in  the  morning 
hear  the  sound  of  the  surf  to  leeward,  or  from  a  point  toward 
which  the  wind  is  blowing,  they  take  this  as  an  infallible  indi- 
cation that  in  the  course  of  from  one  to  five  hours  the  wind  will 
change  to  the  opposite  direction  from  which  it  is  blowing  at  the 
timcL  The  same  statement  was  made  to  me  by  the  intelligent 
keeper  of  the  fog-signal  at  Block  Island.  In  these  cases  it 
would  appear  that  the  wind  had  already  changed  direction 
above,  and  was  thus  transmitting  the  sound  in  an  opposite 
direction  to  that  of  the  wind  at  the  surface  of  the  earth."  (Rep., 
p.  92.)  The  full  significance  of  this  idea  however  was  not 
apprehended  until  the  hypothesis  of  Professor  Stokes  (already 
alluded  to)  was  taken  up  and  considered.  This  af>peared  to 
furnish  a  satisfactory  explanation  of  the  observed  efiect  of  an 
upper  current, — not  on  the  actual  range,  but  on  the  direction  of 
the  sound  waves 

Professor  Tyndall  thus  comments  on  the  rival  hypothesis  of 
Professor  Henry :  "In  the  higher  regions  of  the  atmosphere  he 
places  an  ideal  wind,  blowiu]^  in  a  direction  opposed  to  the  real 
one,  which  always  accompanies  the  latter,  and  which  more  than 
neutralizes  its  action.  In  speculating  thus  he  bases  himself  on 
the  reasoning  of  Professor  Stokes,  according  to  which  a  sound- 
wave moving  against  the  wind  is  tilted  upward.  The  upper 
and  opposing  wind  is  invented  for  the  purpose  of  tilting  again 
the  already  lifted  sound-wave  downward."  (Pref.  to  Sound, 
pp  19,  20.) 

The  word  "  invented  "  is  scarcely  the  most  appropriate  term 
for  an  hypothesis  derived  from  such  patient  research  and  care- 
ful induction.  While  in  the  case  considered,  the  reversed 
upper  wind  of  a  local  circulation  is  rendered  so  probable  by 
the  circumstances  presented,  it  is  proper  to  remark  that  this 
condition  is  not  at  all  essential  to  the  refraction  doctrine.  The 
hypothesis  of  Professor  Stokes  by  no  means  assumes  that  '^a 
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sound-wave  moving  against  the  wind  is  tilted  upward.''  (Re| 
Brit  Assocl*,  1857,  pp.  22,  28,  of  Abstracts.)  An  opposin 
wind  exercises  no  sensible  influence  on  either  the  velocity  c 
the  range  of  sound,  nor  (if  um/arm)  on  the  direction  of  soun( 
Ordinarily  indeed,  a  wind  (which  may  be  likened  to  an  aerij 
river)  is  retarded  at  the  earth  precisely  as  the  current  of  a  streai 
is,  over  its  bed.*  When,  however,  the  mouth  of  the  aerij 
chimney  of  ascent  is  low,  it  may  very  well  happen  that  tb 
lower  current  of  air  (excepting  immediately  at  the  surface  < 
the  earth)  is  considerably  swifter  than  the  successive  layers  < 
wind  above  it ;  and  in  such  a  case  the  eflfect  of  the  opposin 
wind  will  be  not  to  tilt  upward  the  sound-beam,  but  to  tilt 
downward.  In  like  manner  a  "fisivoring"  wind,  if  more  slu{ 
gish  above,  will  tilt  the  sound-beam  upward,  and  thus  prov 
unfavorable  to  its  audibility.  In  short,  the  postulate  require 
for  acoustic  refraction  is  simply  that  there  snail  be  a  dtfferem 
of  amount  between  the  upper  and  the  lower  currents  oi  wine 
And  as  this  condition  is  certainly  not  an  unusual  one,  we  hav 
here  apparently  a  true  and  satisfactory  account  of  the  seemin 
anomalies  of  sound  with  reference  to  the  influence  of  the  wine 

But  if  the  natural  tendency  of  a  mere  diminution  of  velocit 
in  the  upper  strata  of  an  adverse  wind  is  thus  to  bend  an  ac 
vancing  sound  downward,  "a  precisely  similar  efifect''  as  Pre 
fessor  Henry  has  well  remarked,  "will  be  the  result  but  pei 
haps  in  a  considerably  greater  degree,  in  case  an  upper  currer 
is  moving  in  an  opposite  direction  to  the  lower,  when  the  latte 
is  adverse  to  the  sound."  (Rep.,  p.  107.)  In  September,  187-^ 
when  a  signal  near  Sandy  Hook,  K  J.,  was  observed  to  be  aud 
ble  at  a  greater  distance  against  the  afternoon  sea-breeze  tha 
with  it.  Professor  Henry  ascertained  by  the  employment  c 
small  toy  balloons,  that  the  upper  current  was  opposed  to  th 
lower  one,  and  in  the  direction  of  the  maximum  sound  range 
Obs  [11.]  He  was  enabled  thus  to  demonstrate  experimentall; 
the  reality  of  the  "ideal  wind  ''  which  had  been  so  confidentl; 
accepted  oefore,  from  other  conspiring  intimations. 

The  critical  commentary  above  cited,  which  postulates  fo 
this  doctrine  of  acoustic  refraction  the  super-position  of  "ai 
ideal  wind  blowing  in  a  direction  opposite  to  tne  real  one,"  a 
a  condition  "which  more  than  neutralizes  its  action,"  quite  fail 
to  apprehend  its  true  import  No  action  analogous  to  **  neu 
tralization  "  is  assumed  by  the  doctrine.     There  is  no  solutioi 

♦  Professor  Henry  determined  by  experiment  in  1866,  when  the  velocity  of  th 
wind  was  not  more  than  six  miles  per  hour,  that  the  speed  of  the  clouds  as  indi 
cated  by  their  moving  shadows,  was  several  times  this  rate.  (L.  H.  Rep.,  p.  93 
And  Professor  Reynolds  in  1874,  by  observations  with  the  anemometer,  ascei 
tained  that  near  the  gpround  the  retardation  of  the  wind  rapidly  increased ;  s> 
that  the  lower  sound  rays  move  more  nearly  in  the  arc  of  a  parabola,  than  of 
circle.    (Phil.  Mag.,  pp.  64  and  70.) 
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oFcoDtinuity  between  opposing  currents  ;  but  every  gradation 
of  movement  in  each  successive  intermediate  stratum.  And  as 
It  is  wholly  improbable  that  the  8ound-beam  which  reacha  the 
oltserver's  ear,  ever  passes  high  enough  to  approach  the  upper 
■'ideal  wind,"  nothing  is  neutralized.  Obeaient  to  the  law  of 
instantaneous  resultants,  the  beam  of  acoustic  impulse  presses 
OD  ever  at  right  angles  to  the  wave-surface  which  is  conditioned 
by  compounded  factors. 

As  wide  of  the  mark  is  the  supposition  that  the  upper  and 
opposing  "  ideal  wind"  is  "  for  the  purpose  of  tilting  again  the 
aireadv  lifted  sound-wave,  downward."  As  has  been  just  con- 
tended, the  one  wind  is  as  incapable  of  depressing  the  sound- 
wave, as  the  other  is  of  lifting  ii. 

The  misconception  culminates  in  the  objection  that  "  Profes- 
sor Henry  does  not  explain  how  the  sound-wave  re-crosses  the 
hostile  lower  current,  nor  does  he  give  any  definite  notion  of 
the  conditions  under  which  it  can  be  shown  that  it  will  reach 
the  observer,"  (Loc  cit,  p.  20.)  There  is  no  "  hostile  lower 
Lurrent,"  since  as  above  pointed  out,  an  opposite  wind  may  be 
just  as  favorable  to  the  propagation  of  sound,  as  a  concurrent 
on& 

To  give,  however,  a  more  definite  notion  of  the  conditions 
under  which  it  can  be  shown  that  the  soundwave  will  reach 
the  observer  without  crossing  currents,  the  accompanying  dia- 
grams are  submitted. 


\ 
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Fig,  1  exhibits  the  more  ordinary  effect  of  a  favorable  wind 
in  depressing  the  beam  of  sound :  s  being  the  signal-station,  and 
0  the  point  of  observation ;  the  wind  blowing  from  iV.  to  E. 
As  the  spheroidal  wave-faces  become  more  pressetl  forward 
above  by  the  freer  wind  (assuming  it  to  be  retarded  at  the  sur- 
face by  friction),  and  as  the  direction  of  the  acoustic  beam  is 
constantiv  normal  W  the  successive  aerial  surfaces  of  impact,  it 
follows  that  very  minute  differences  of  concentricity  in  the  suc- 
cessive waves,  will  by  constant  accumulation  gradually  bend 
the  line  of  dynamic  effect  downwarJ,  as  shown  in  the  sketch  on 
a  very  exaggerated  scale.  Of  the  sound  rays  below  the  line 
represented,  some  will  by  reflection  from  the  sea,  reach  the  ob- 
gerver'a  ear  and  thus  increase  the  sound. 

Fig.  2  represents  the  ordinary  effect  of  an  opposing  wind  here 
blowing  from   E.  to  W.     The  wave  faces  bemg  more  resisted 
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above  by  the  freer  contrary  wind  (sssumiDg  as  before  a  surface 
retardation),  the  sound-beams  are  curved  upward,  and  the  low- 
est ray  that  can  reach  the  distance  of  the  observer  at  o,  is  that 
which  touching  the  surface  of  the  st-a  is  gradually  bo  tilted  up- 


2.— Adnne  Wind, 
ward  that  it  passes  above  the  ear  of  the  listener,  leaving  him 
practically  In  aa  acoustic  shadow;  very  much  as  an  observer 
OQ  the  deck  of  a  vessel  when  losing  the  sight  of  the  hull  of 
another  vessel  ten  miles  off,  by  reason  of  tbe  interposed  con- 
vexity of  the  ocean,  stands  in  the  optical  shadow  of  the  earth. 
In  both  cases  if  the  conditions  favor,  the  boundary  of  the 
shadow  may  be  re-crossed  by  ascending  irom  the  deck  to  tbe 
mast-head,  and  the  sight  or  the  sound-beam  thu?  r^zriined. 


Fig.  S  repreeentfi  the  disturbing  effect  of  a  lower  contrary 
wind  with  an  opposite  wind  above.  In  this  case  the  principal 
result  will  be  a  depression  of  the  sound-beam  as  in  fig.  1,  but 
more  strongly  marKed,  as  the  difierences  of  motion  as  we  ascend 
will  be  mora  rapid.  Attending  this  action,  however,  there  will 
probably  be  some  lagging  of  the  lower  stratum  of  the  adverse 
wind  by  reason  of  the  surface  friction;  Uie  tendency  of  which 
will  be  to  slightly  distort  the  lower  sound  radiations,  by  giving 
them  a  reverse  or  serpentine  curvature.  The  upper  rays  of 
sound  would  probably  nave  only  a  single  declining  curvature, 
similar  to  that  shown  in  fig,  1, 

One  result  of  this  condition  of  the  locus  of  the  normaU  (to  use 
a  mathematical  phrase)  would  be  to  make  the  sound  less  audi- 
ble (or  possibly  sometimes  inaudil)le)ata  point  (as  at  t)  midway 
between  the  two  stations.  This  hypothetical  case  of  compound 
refraction  would  appear  to  offer  a  plausible  explanation,  not 
only  of  the  paradox  of  a  nearer  trumpet-sound  being  dimin- 
ished in  power  bv  the  wind  which  increased  the  etlect  of  a 
more  distant  whistle,  but  also  of  the  puzzling  "belt"  of  inaudi- 
bility previously  noticed.     Duane  [D],  and  Henry  [ti]. 
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Nameraos  other  cases  might  be  represented  by  diagrams,  as 
of  a  sound  being  hindered  or  tilted  upward  by  a  concurrent 
wind  of  unequal  velocity,  or  downward  by  an  opposing  wind  of 
similar  character,  and  of  the  various  permutations  of  differing 
currents  in  oblique  directions :  to  which  might  be  added  vari- 
ous resultants  of  unequal  motion  producing  lateral  refraction, 
but  this  is  unnecessary.  Enough  has  been  said,  it  is  hoped,  to 
clear  from  popular  misapprehension,  the  admirable  hypothesis 
of  Professor  Stokes,  raisea  by  the  equally  admirable  investiga- 
tions of  Professor  Henry,  to  the  rank  of  a  ^*  theory  ;''  and  to 
show  that  it  has  a  real  and  demonstrated  basis,  or  in  other 
words  that  it  is  a  vera  causa.  The  question  of  its  sufficiency 
lies  entirely  within  the  grasp  of  mathematical  discussion ;  but  a 
long  series  of  accurate  and  comprehensive  observations  will  yet 
be  required  to  discover  its  full  compass  of  practical  result,  and 
to  determine  its  precise  limit  of  capacity  in  subjugating  the 
'* abnormal  phenomena"  of  sound. 


Abt.  VIII — Studies  an  Magnetic  Distribution  ;  by  Henby  A. 
Rowland,  of  the  Johns  Hopkins  University,  Baltimore. 

(Oontinued  from  page  29.) 

VL 

M.  Jamik,  in  his  recent  experiments  on  magnetic  distribu- 
tion, has  obtained  some  very  interesting  results,  although  I 
have  shown  his  method  to  be  very  defective.  In  his  experi- 
ments on  iron  bars  magnetized  at  one  end,  he  finds  the  formula 
f'^  to  apply  to  long  ones  as  I  have  done.  Now  it  might  be 
ajgiied  that  as  the  two  methods  apparently  give  the  same 
result,  they  must  be  equally  correct.  But  let  us  assume  that 
the  attraction  of  his  piece  of  soft  iron  F  varied  as  some  un- 
known power  n  of  the  surface-density  6,     Then  we  find 

which  shows  that  the  attractive  force  or  any  power  of  that 
force  can  be  represented  by  a  logarithmic  curve,  though  not 
bv  the  same  one.  Hence  the  error  introduced  by  M.  Jamin's 
method  is  insidious  and  not  easily  detected,  though  it  is  none 
the  less  hurtful  and  misleading,  but  rather  the  more  so. 

However,  his  results  with  respect  to  what  he  calls  the  nor- 
mal magnet*  are  to  some  extent  independent  of  these  errors; 
and  we  may  now  consider  them. 

Thus,  in  explaining  the  effect  of  placing  hardened   steel 

♦  '*0n  the  Theory  of  Normal  magnets,"  Chmptes  Rendtu,  March  31,  1873,  trans- 
Uted  in  PhU.  Mag.,  June,  1873. 


104       H.  A.  Rowland — Studies  on  Mojgnetic  Distribution. 

f)late8  on  one  another,  he  says :  *^  Quand  on  superpose  deux 
arnoH  aimant^es  pareilles,  les  courbes  qui  repr§sentent  les 
valeurH  de  F  (the  attractive  force  on  the  piece  of  soft  iron) 
s'eldvcnt,  parce  que  le  magn^tisme  quitte  les  &ces  que  Ton 
met  en  contact  pour  r6fugier  sur  les  parties  ext^rieures.  En 
m^rnrj  temps,  les  deux  courbes  se  rapprochent  Tune  de  Tautre 
et  du  milieu  de  Taimant  Get  eflFet  augmente  avec  une  troi- 
8i6mc  lame  et  avec  une  quatri^me.  Finalement  les  deux  cour- 
bes HO  joignent  en  milieu." 

In  applying  the  formula  to  this  case  of  a  compound  magnet 
wo  have  only  to  remark  that  when  the  bars  lie  closely  together, 
they  are  theoretically  the  same  as  a  solid  magnet  of  the  same 
section,  but  are  practically  found  to  be  stronger,  because  thin 
bars  can  bo  tempered  more  uniformly  hard  tnan  thick  ones. 
The  addition  of  the  bars  to  each  other  is  similar  to  an  increase 
in  the  urea  of  the  rod,  and  should  produce  nearly  the  same 
eflcct  on  a  rod  of  rectangular  section  as  the  increase  of  diameter 

in  a  rod  of  circular  section.     Now  the  quantity  jp=-^  is  nearly 

coTistnnt  in  these  rods  for  the  same  quality  of  steel,  whence  r 
doc n^asca  as  d  increases;  and  this  in  equation  (17)  shows  that 
as  tlio  diameter  is  increased,  the  length  being  constant,  the 
ourvt\M  bwomo  less  and  less  steep  until  they  finally  become 
stmiglit  lines.  This  is  exactly  the  meaning  of  M.  Jamin's 
remark. 

Where  the  ratio  of  the  diameter  to  the  length  is  small,  the 
curvt>8  of  distribution  are  apparently  separated  from  each  other, 
ami  art^  given  by  the  equation 

^^TW^W^'   ....       (18) 

whioh  is  not  downdent  on  the  length  of  the  rod.  This  is  ex- 
notiv  tho  ri\^ult  lound  by  Coulomb  (Biot's  Physique,  vol.  iii,  pp. 
74.  I  ;\)  M.  Jamin  has  also  remarked  this.  As  he  increases  the 
nunUvr  of  (tlate^  he  states  that  the  curves  approach  each  othei 
an\l  thudlv  unito;  tlus  he  calls  the  ''normal  magnet f'  and  he 
8up|Hvst\^  \X  to  Ih^  the  ma^niet  of  greatest  pi>wer  in  proportion 
to  iu>%  woitfht*  **  Fn^m  this  moment,"  says  he,  "  the  combina 
tiiMi  is  at  \ts  nuHximum."  The  normal  magnet  as  thus  defined 
i^i  vory  indotiniti\  as  M.  Jamin  himself  admits, 

l\v  our  (\)uativM)s  wo  can  tinvl  the  ov^ndition  for  a  maximum, 
iiud  OHU  vrivo  tho  gr^\^tost  values  to  the  following,  supposino 
lUo  woivfiu  v>f  tho  Ivjir  lo  Iv  a  tixovl  quantity  in  the  nrst  three. 

Istx  Tho  tua^nojio  n\vMnont 

-M  *rho  attr^otivo  toav  at  the  envi 

Svl,  *rho  tv^tal  numlvr  v^f  »i:u\>  of  ma^naeuc  forve  passing  from 
tho  Ivu*. 
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4tk  The  magnetic  moment,  the  length  being  constant  and 
the  diameter  variable. 

Either  of  these  may  be  considered  as  a  measure  of  the  power 
of  the  bar  according  to  the  view  we  taka  The  magnetic 
moment  of  h  bar  is  easily  found  to  be 

and  if  y  is  the  weight  of  a  unit  of  volume  of  the  steel  and  W  is 
the  weight  of  the  magnet,  we  have  finally 

where  C=-^=px/S^- 

This  only  attains  a  maximum  when  ;v=oo ,  or  the  rod  is  infi- 
nitely long  compared  with  its  diameter. 

The  second  case  is  rather  indefinite,  seeing  that  it  will  depend 
npon  whether  the  body  attracted  is  large  or  small.  When  it  is 
small,  we  require  to  make  the  surface-density  a  maximum,  the 
weight  being  constant     We  find 

yn^Kp  iC6*-f  1 

which  attains  a  maximum  as  before  when  -=  oo.      When  the 

a 

attracted  body  is  large,  the  attraction  will  depend  more  nearly 

u]>on  the  linear  density 

^         tOb^^  1 

, .  ,   .  .  ,       6      1 42 

which  IS  a  maximum  when  -,= . 

a       p 

For  the  third  case  we  have  the  value  of  Q"  at  the  center  of 
the  bar  from  equation  (6), 

The  condition  for  a  maximum  gives  in  this  case 

d      ]) 

For  the  last  case  in  which  the  magnetif^  moment  for  a  given 
leDL^th  is  to  be  made  a  raaximuin,  we  find 

cf~  p' 
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This  last  result  is  useful  in  preparing  magnets  for  determ 
ing  the  iutensity  of  the  earth's  magnetism,  and  shows  that  t 
magnets  should  be  made  short,  thick,  and  hard  for  the  b* 
effect* 

But  for  all  ordinary  purposes  the  results  for  the  second  a 
third  cases  seem  most  important,  and  lead  to  nearly  the  sai 
result ;  and  taking  the  mean  we  find  for  the  maximum  magi 

1=^.  .  .  .  .  , 

We  see  from  all  our  results  that  the  ratio  of  the  length  oi 
magnet  to  its  diameter  should  vary  inversely  as  the  constant 
This  constant  increases  with  the  hardness  of  the  steel,  a 
hence  the  harder  the  steel  the  shorter  we  can  make  our  mj 
nets.  It  would  seem  from  this  that  the  temper  of  a  Rt< 
magnet  should  not  be  drawn  at  all,  but  the  hardest  steel  us< 
or  at  least  that  in  which  p  was  greatest  The  only  disadvs 
tage  in  using  very  hard  steel  seems  to  be  the  difficulty 
imparting  the  magnetism  at  first,  and  this  may  have  led  to  t 
practice  of  drawing  the  temper;  but  now  when  we  have  su 
powerful  electromagnets,  it  seems  as  if  magnets  might  be  ma 
shorter,  thicker  and  harder,  than  is  the  custom.  With  the  r 
ative  dimensions  of  magnets  now  used,  however,  hardeni: 
might  be  of  little  value. 

We  can  also  see  from  all  these  facts,  that  if  we  make  a  coi 
pound  magnet  of  hardened  steel  plates  there  will  be  an  adva 
tage  in  placing  more  of  them  together,  thus  making  a  thick 
magnet  than  when  they  are  softer.  We  also  observe  that 
we  pile  them  up  the  distribution  changes  in  just  the  way  inc 
catcd  by  M.  Jamin,  the  curve  becoming  less  and  less  steep. 

Substituting  in  the  formula  the  value  of  »  which  we  ha 
found  for  Stiu)'s  steel  not  hardened,  but  still  so  hard  as 
rapidly  dull  a  file,  we  find  the  best  ratio  of  length  to  diamet 
to  be  33'8,  and  for  the  same  steel  hardened  about  17,  thou( 
this  last  is  only  a  rough  approximation.  This  gives  what  1 
Jamin  has  called  the  normal  magnet.  The  ratio  should  be  le 
for  a  U-magnet  than  for  a  straight  one. 

For  all  magnets  of  the  same  kind  of  steel  in  which  the  rat 
of  length  to  diameter  is  constant  the  relative  distribution 
the  same;  and  this  is  not  only  true  for  our  approximate  fu 
mula,  but  would  be  found  so  for  the  exact  one. 

Thus  for  the  **  normal  magnet"  the  distribution  becomes 

where  C  is  a  constant,  and  x  is  measured  from  the  center.     Tl 
distribution  will  then  be  as  follows: 

*  Weber  reoommends  square  bare  eight  times  as  long  as  thej  are  broad,  a: 
tempered  very  hard.    (Tajlor*8  Sdentifle  Memoirs,  voL  ii,  p.  86.) 
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Distribution  on  *'  nonnal  magnet'' 


This  distributioD  is  not  the  same  as  that  given  by  M.  Jamin ; 
bat  as  his  method  is  so  defective,  and  his  '*  normal  magnet^'  s  j 
indefinite,  the  agreement  is  sufficiently  near. 

The  surface-density  at  any  point  oi  a  magnet  is 
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which,  for  the  same  kind  of  steel,  is  dependent  only  on  -  and-v 

Hence  in  two  similar  ma<^nets  the  surface-density  is  the  same 
at  similar  points,  the  linear  density  is  proportional  to  the  linear 
dimensions,  the  surface  integral  of  magnetic  induction  over 
half  the  magnet  or  across  the  section  is  proportional  to  the 
surface  dimensions  of  the  magnets,  an<l  the  magnetic  moments 
to  the  volumes  of  the  magnets.  The  forces  at  similar  points 
with  regard  to  the  two  magnets  will  then  be  the  same.  All 
these  remarks  apply  to  soft  iron  under  induction  providing  the 
inJucing  force  is  the  same,  and  hence  include  Sir  William 
Thom-on\s  well-known  law  with  rco^ard  to  similar  electromaaj- 
nets ;  and  they  are  accurately  truf*  notwithstanding  tlie  approximate 
nature  of  tJie  formula  from  which  ihf*y  have  here  l^ten  deduced. 

Our  theory  o:ives  us  the  means  of  determining  what  effect 
the  V)oring  of  a  hole  through  the  center  of  a  magnet  would  have. 
In  this  case  R'  is  not  much  affected,  but  R  is  increased.  Where 
the  magnet  is  used  merely  to  affect  a  coin  pass- needle,  we  should 
then  see  that  the  hole  throuirh  the  center  has  little  effect  where 
the  magnet  is  short  and  thick ;  but  where  it  is  long,  the  attrac- 
tion on  i/ie  compass-needle  is  much  dimmished.  Where  the  mag- 
net is  of  the  U-form,  and  is  to  be  used  for  sustaining  weights, 
the  practice  is  detrimental,  and  the  sustaining -jjower  is  diminxshtd 
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in  the  same  proportion  as  the  sectional  area  **f  the  magn'-t  The 
only  t'ase  that  I  know  of  where  the  hole  through  the  center ig 
an  advantage,  is  that  of  the  deflecting  magnets  for  determining 
th(?  intensity  of  the  earth's  magnetism,  which  may  be  thus 
made  liprhter  without  much  diminishing  their  magnetic  moment 

III  conclusion,  let  me  express  my  regret  at  the  imperfection 
of  the  theory  given  in  this  paper;  for  althoiigh  the  equations 
are  more  general  than  any  yet  given,  yet  still  ihev  rest  upon 
two  (j^iiitc  incorrect  hypotheses;  and  so,  althouorh  we  have 
found  these  formulas  oi  great  use  in  pursuing  our  studies  on 
magnetic  distribution,  yet  much  remains  to  be  done.  A  nearer 
a[)proxiination  to  the  true  distribution  could  readily  be  obtained, 
but  the  results  would,  without  doubt,  be  very  complicated  and 
would  not  repay  us  for  the  trouble. 

In  tills  paper,  as  well  as  in  all  the  others  which  I  have  pub- 
lish(»d  on  magnetic  subjects,  my  object  has  been  not  only  to 
bring  forth  nevv  results,  but  also  to  illustrate  Faraday's  method 
of  linens  of  magnetic  force  and  to  show  how  readily  calculations 
may  bo  made  on  this  system.  For  this  reason  many  points 
have  been  developed  at  greater  length  than  would  otherwise 
be  desirable. 


AuT.  IX. — On  rifts  of  Ire  in  the  rocks  near  the  summit  of  Mi 
Mc(yellan,  Colorado,  and  on  Uie  different  Limits  of  Vegetation  on 
iuijoinimj  summits  in  the  Territory;  by  Edward  L.  Berthoud. 

Thk  silver  mines  of  Argentine  District,  a  mining  center  about 
eight  miles  southwest  from  Georgetown,  are  located  on  the  north 
slope  of  a  high  j>eak  named  McUlellan  Mountain,  which  forms 
a  very  pi\>nunent  jxnnt  of  the  main  central  range,  and  immedi- 
ately tav»ing  a  precipice  fully  1600  feet  high,  the  majestic 
mass  o\^  Gniy*s  Peak;  while  1^  miles  south  is  Argentine  Pass 
18J00  livt  in  height. 

This  mountain,  13,480  feet*  above  the  sea,  is  intersected  iof 
northeast  and  sinUhwost  direction  bv  a  svstem  of  mineral  veins 
eon  till  nin^  silver  in  large  quantity  with  a  little  gold.  The  veins 
stvin  lienerally  to  W  nearly  vortical,  and  occur  at  elevations 
Vivrviuur  ti\M)\  r2,3iH>  ftvt  to  13,400  feeu  Three  of  them  have 
Ks  !i  extensively  mint\l.  and  two,  the  International  and  Belmont 
hnve  bivn  developi\l  and  workevl  since  1S67-68  with  success 
auvl  wit'^  tair  jwyiuiT  r^^sultc^;  but  with  pn>l^bly  at  a  greatei 
avenicv  ev^st  per  tvMi  of  mineral  miiunl  than  any  other  similai 
luiuis  in  Northern  Coloradvv  The  Centennial  Lode,  the  thirc 
mine  e\a:nini\K  is  Uvnv  Wing  well  developcvl  by  its  owners,  wh( 

*»  Vnk  a*niiaer,  in  Hic^^d^ns  Report.  l$73-74. 
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areworkinginto  the  vein  horizontally  by  excavating  adrift.  The 
ores  found  in  these  mines  are  galena  rich  in  silver,  decomposed 
quartz  and  honey-combed  quartz,  with  sulphurets  of  silver,  and 
some  decomposed  iron  pyrites  and  a  little  carbonate  of  lead,  with 
occasional  small  patches  of  sphalenite. 

I  have  been  thus  particular  in  the  description  of  these  mines, 
merely  to  give  a  good  general  idea  of  their  value  and  location. 
Id  a  personal  and  critical  examination  of  them,  during  a  recent 
risit  to  the  region,  a  peculiar  feature  was  observed  which  excited 
much  surprise. 

The  discovery-drift  of  the  Centennial  Lode  runs  into  Mc- 
Clellan  Mountain  at  an  altitude  above  18,100  feet,  on  a  course 
southwest,  at  about  80  feet  from  the  entrance  of  the  tunnel. 
Intercalated  in  the  vein,  I  found  three  or  four  well  defined 
veins  of  solid  ice,  parallel  with  the  bedding  of  the  rock,  and  filling 
all  its  thinner  side  cracks  and  fissures ;  in  fact,  after  further  exam- 
ination I  found  that  the  frozen  stratum,  and  the  congealed,  liard 
earth,  rock  and  gravel,  began  only  a  few  feet  below  the  accumu- 
lated rock  and  debris  of  the  mountain  slope,  and  continued  as 
&ras  the  excavation  reached,  some  forty  ieet  in  depth. 

From  the  Centennial  Lode  I  went  westward  about  300  feet, 
and  examined  the  drift  that  has  been  excavated  into  the  moun- 
tain some  500  ft»et,  upon  the  vein  of  the  International  Lode. 
Here  there  is  repeated  the  same  frozen  substratum  and  the  same 
rift  or  veins  of  ice  in  the  country  rock  and  in  the  vein.  I 
went  into  the  tunnel  about  100  feet  and  found  this  glacial  con- 
dition still  existed  ;  and  the  owner  of  the  mine  assured  me  that 
the  ice  and  frozen  rock  continued  all  the  way  to  the  end  of 
the  tunnel  and  caused  a  ;L:ood  deal  of  extra  expense  in  mining 
the  ore. 

The  course  of  the  "International  Lode"  is  southwest,  and  its 
drift  is  about  50  feet  in  vertical  elevation  above  the  drift  of  the 
Centennial  L)de, 

The  next  "  Lode"  examined  was  the  Belmont  Lode,  west  and 
nearly  parallel  to  the  International.  This  mine  is  exploited  by 
a  system  of  horizontal  galleries  one  above  the  other  to  the  sum- 
mit of  the  mountain,  at  18,400  feet  elevation.  In  the  lower  gal- 
leries the  same  frozen  icy  condition  prevails  as  at  the  first  two 
veins  But  the  summit  drift,  which  was  at  the  date  of  my  visit 
about  60  feet  long,  does  not  show  veins  of  ice  in  the  wall-rock 
of  the  veins ;  this  is  probably  due  not  only  to  the  greater  narrow- 
ness of  the  summit,  here  scarcely  200  feet  where  pierced  by  the 
tunnel,  but  also  to  the  influence  of  wind  and  sun  upon  its 
western  seamed  and  riven  surface,  and  to  its  more  perfect 
drainage  and  exposure. 

This  is  certainly  a  singular  phenomenon,  when  we  consider 
that  across  the  narrow  valley  north  of  McClellan  Mt.,  not  over 
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three-fourths  of  a  mile  distant  and  upon  another  high  peak,  tbe 
limit  of  tree  growth  exceeds  12,400  feet  elevation  on  the  soath 
slope  of  that  peak.  Here  can  be  seen  Pinus  artstaia^  some  of  the 
trees  two  feet  in  diameter  and  thirty  feet  high  that  retain  their 
hold,  and  slowly  increase  in  size,  thus  maintaining  themselves  in 
respectable  numbers  in  spite  of  furious  gales  of  snow  and  wind, 
ana  an  extreme  Arctic  cold. 

In  Miscellaneous  Publications,  No.  1,  II.  S.  Geological  Sur- 
vey of  the  Territories,  which  was  published  last  year,  under  the 
direction  of  Prof.  F.  V.  Hayden,  the  line  of  tree  growth  Lsgivec 
by  Mr.  J.  T.  Gardner  in  his  report,  as  from  11,000  feet  to  11,90( 
feet,  between  latitudes  89°  and  40^  We  believe  this  to  be  cor 
rect,  and  a  fair  general  average.  In  Argentine  District,  whicl 
comprises  McGlellan  Mountain,  we  have  a  very  notable  depart 
ure  from  this  limit  of  from  600  to  1400  feet  in  elevation,  and 
also  about  1300  feet  above  timber  line  on  Gray's  Peak,  three  tc 
four  miles  southwest,  as  given  by  Mr.  Gardner.  At  the  Equatoi 
and  in  the  Torrid  zone  the  limit  of  the  growth  of  Pines  is  gener 
ally  placed  at  12,800  feet  above  the  sea ;  how  is  it  that,  m  lat 
89°  38'  N.,  the  limit  of  the  growth  of  Pines  has  receded  only  40( 
feet? 

In  McClellan  Mountain  and  in  Argentine  District  there  are 
two  antagonistic  phenomena  in  immediate  proximity ;  on  om 
side  of  the  valley,  a  mountain  slope  &cing  northeast,  well  grassed, 
totally  devoid  of  shrubs  and  trees,  where  soil  and  rocky  debris 
are  underlain  hy  a  perpetual  icy  coat  of  hundreds  of  feet  in  depth 
supporting  on  its  surface  a  growth  of  plants  strictly  Alpine  anc 
Arctic,  and  abounding  with  Ptarmigan,  Lagopus  leucuru^,  anc 
the  tiiilless,  earless  marmot ;  and  where  on  the  2d  October,  1875 
I  found  the  following  plants  yet  in  bloom:  Sedum  stenopetalum 
PoU'iitiUa  norvegica,  P.fruticosa^  Sibbaldm  procumbens,  AstragcUu, 
alpinus^  Sikne  acaulis,  Draha  aurea^  Pliieum  afpinum,  PrimuU 
Parryi^  Oentiana^  Ueuchera,  CastiUeia  pallida^  Ranunculus  nivalis 
Peaicularis^  Cardamine  and  CrepiSy  while  less  than  half  mile  dis 
tant,  on  the  opposite  slope  of  the  vale,  Pinus  aristata  of  lairge  siz^ 
and  a  profuse  growth  of  birches,  willows,  grasses  and  Arbutus 
with  flowing  springs  and  small  ponds,  diversify  its  south westen 
slope. 

It  has  been  suggested*  that  the  frozen  soil  ami  rock  of  som< 
mines  examined  by  him,  northwest  from  McClellan  Mountain,  oi 
the  west  slope,  have  been  thus  left  ice  bound  since  the  Glacia 
period  ;  and  that  they  thus  retain  their  former  ice-bound  condi 
tion,  from  the  excessive  altitude  of  the  mines  there  explored. 

This  may  be  the  case,  but  it  seems  doubtful  There  are  in  Col 
orado  manv  mines  at  altitudes  very  nearly  as  high  as  the  highes 
on  McClellan  Mountain,  yet  none  have  been  exploited  to  th< 

*  R.  Weiaer,  in  this  Joumal,  m,  viii,  477,  1874. 
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depth  of  fix)m  100  to  500  feet  in  solid  frozen  soil  and  ice  riba 
lam  iDcliued  to  believe  that  the  glacial  condition  of  McClellan 
Mountain  is  due  to  local  causes.  Prominent  among  these  would 
be  the  loose  nature  of  the  soil  and  deep  rocky  debris  of  the  moun- 
tain, and  the  slow  percolation  of  water  exposed  to  excessive 
evaporation  that  is  promoted  and  quickened  by  continued  gales 
from  the  north  and  northwest  that  strike  against  the  precipitous 
&ce  of  the  mountain  range  in  that  direction.  The  opposite  slope, 
on  the  contrary,  which  shows  the  abnormally  high  timber  line, 
fcces  a  Pass  (Argentine  Pass)  18,100  feet  in  height,  which  gives 
away  perfectly  unobstructed  for  sonth-southwest  winds.  These 
prevail  frequently  in  winter  and  spring,  and  are  invariably  tem- 
perate or  even  warm,  and  thus  to  their  influence  may  be  due  the 
milder  and  more  propitious  character  of  this  locality.  In  Col- 
orado Territory  it  has  been  remarked  that  in  our  mountains,  even 
in  January,  a  southwest  wind  is  invariably  genial  and  warm ;  in 
two  hours  I  have  known  a  southwest  wind  to  raise  the  thermom- 
eter from  18°  below  zero  to  47^  above.  This  abrupt  change,  how- 
ever, is  disastrous  to  tree  growth,  and  destroys  the  quaking  Asp, 
Cedar,  and  even  Pines  in  more  exposed  localities;  while  the 
Cherry,  Box  Elder  and  th«'  bitter  Cottonwood  {Populus  angulata) 
have  perished  in  the  ensuing  spring  in  our  lower  valleys  and 
on  the  foot-hills. 

I  have  presented  this  subject  in  order  to  secure  for  it  further 
elucidation  and  discussion.  The  facts  are  of  no  little  interest, 
since  they  conflict  with  accepted  views  as  to  the  limits  of 
growth  of  plant,  and  the  influence  of  altitude  on  climate. 


Art.  X. — On  a  New  Form  of  Lantern  Galvanometer;  by 
Francis  E.  Nipher,  Professor  of  Physics  in  Washington 
University.* 

In  the  September  number  of  this  Journal,  Prof.  Barker  has 
described  a  lantern  galvanometer,  which  appears  to  possess 
many  advantages  over  any  heretofore  described,  and  which  is 
evidently  a  valuable  addition  to  the  apparatus  of  the  public 
lecturer. 

While  meditating  the  construction  of  this  instrument,  the 
galvanometer  now  to  be  described  was  devised.  A  vertical 
section  is  shown  in  Fig.  1. 

A  square  box  (Y,  Y),  open  at  the  top  and  bottom,  is  pierced 
on  opposite  sides  to  admit  the  wooden  rods  (6).  To  the  inner 
extremities  of  these  rods  are  attached  coils  (R),  of  covered  cop- 

*  Bead  before  the  St.  Louis  Academj  of  Science,  Oct  18,  1876. 


112      F.  K  Nipher — Nno  firm  of  Lantern  Galvanometer 

per  wire,  No.  14,  wound  upon  cylinders  of  wood  (a).*  Wooden 
rods  (e),  clamped  so  as  to  move  with  gentle  friction,  bear  a  wire 
(wj),  fVom  which  an  astatic  system  of  needles  is  sus{>ended  by 
means  of  a  silk  fiber.     The  upper  needle  is  midway  betweea 


the  centers  of  tlie  two  coils.  The  lower  needle  plays  over  a 
scale  (s)  photogmphed  on  jilass,  beneath  which  is  the  horizontal 
coniit'iisinir  lens  of  the  vertical  lantern.  The  needles  are  ordi- 
nary sowing  needles,  and  are  each  1-5  inches  in  length.f  Each 
coil  i.s  composed  of  34  7  meters  of  wire,  the  resistance  of  which  is 
0'4J4  ohms.  Flach  coil  should  have  the  same  number  of  wind- 
ing;;, anil  the  same  resistance.  This  is  easily  eS'ected  by  care 
in  winding.  By  sliding  the  rods  (6)  in  or  out,  the  distance 
between  the  coils  may  be  varied  from  2  cm.  to  In  cm.,  the 
image  of  tlic  luwernealle  beinisin  all  cases  perfectly  distinct  In 
this  way  the  instrument  is  adjusted  to  currents  of  any  strength, 
Sciile.-i  cut  in  the  rods  (6)  serve  to  regulate  the  distances, 

,  On  the  outside  of  the  box  are 

six  plates  of  brass,  whose  form 
and  arrangement  are  shown  in 
fig.  2.  The  e,ttremities  of  the 
coils  are  connected  with  the  four 
plates  A,  B,  C,  D.  This  con- 
nection may  be  made  by  means 
of  binding-screws  on  the  inside 
of  the  Ixjx,  in  which  case  the 
coils  may  be  replaced  with  ease 
by  others  of  greater  or  less  re- 
sistance. The  plates  are  put  in 
metallic    contact   by   means  of 

*  For  Pnlxwi'q'a  lantern,  the  ODila  must  bo  pl30^  lower  than  hei«  represented. 

t  Thp  lower  ooedle  may  bt>  repl»ced  by  a  bristle  from  >  painter's  brush,  or 
•ome  other  li^t  pointer,  the  upper  one  being  damped  by  magneti  aa  recoumtended 
bf  U»>-er, 
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ass  plugs,  inserted  nt  a,  fr,  c,  cf,  e,  g^  A,  Jc  Puttiog  plugs  at  h 
d  tf,  and  connecting  the  poles  of  a  galvanic  cup  at  the  binding- 
rews  A  and  C,  and  the  current  runs  successively  through  the 

0  coils  R,  each  causing  deflection  in  the  same  direction.  Let 
represent  the  resistance  of  one  coil  of  the  galvanometer,  then 
e  resistance  of  the  galvanometer  will  be  2R  This  arrange- 
ent  is  used  in  working  with  ordinary  galvanic  currents. 

If  instead  of  the  former  connections,  plugs  be  put  at  a,  d,  g^ 
id  hy  the  wires  fix)m  the  source  of  electricity  being  connected 

E  and  F,  then  the  galvanometer  resistance  becomes  JR 
his  arrangement  is  to  be  used  with  circuits  of  small  resistance, 
ich  as  ihermo-currents.  For  this  kind  of  work  the  instrument 
i  thoroughly  adapted. 

Tins  instrument  can  also  be  used  as  a  differential  galvanome- 
iT,  To  do  this,  put  the  positive  pole  of  the  battery  at  K 
*lug  a  and  c.  Divide  the  negative  wire  into  two  equal  branches 
rhicli  are  to  be  connected  at  B  and  D.  The  circuit  being  thus 
losed,  the  needle  evidentlv  remains  at  zero.  Introducing  any 
nre  the  resistance  of  which  is  to  be  determined,  into  one 
•ranch,  bring  the  needle  to  zero  agam  by  introducing  known 
esistances  into  the  other,  and  the  unknown  resistance  is  readily 
etermined.  In  measuring  fractions  of  an  ohm,  a  rheochord 
J,  all  things  considered,  the  best  The  contacts  are  good,  and 
a  audience  obtains  a  better  idea  of  what  is  meant  by  electrical 

lb. 

esistance  than  when  a  resistance  box  alone  is  used.  Using 
latinum  wire  weighing  7*37  grams  per  meter,  the  resistance  of 
rhich  is  one  ohm  to  192*9  cm.  of  wire  (which  is  96*46  cm.  on 
he  instrument  scale),  and  thousandths  of  an  ohm  can  be 
leasured  direct 

If  ground  connections  are  made  the  negative  pole  of  the 
lattery  is  sent  to  ground  direct,  and  the  branches  of  the  current 
rom  B  and  D  are  sent  to  ground  through  the  unknown  resis- 
ance  and  the  resistance  box  respectively. 

Shunts  may  be  introduced  into  either  of  the  half  circuits, 
'his  may  be  done  by  introducing  coils  of  resistance  ^R  or  gVl^» 
•etween  the  binding  screws  A,  B  or  C,  D  These  wires  mav 
Iso  be  wound  upon  metallic  plugs,  which  have  been  spht 
?Dffthwise»  the  parts  beifig  insulated  and  each  being  connected 
•ith  one  extremity  of  the  wire.  Permanent  shunts  may  be 
tnxluced  by  connecting  one  extremity  with  plates  A  or  1),  the 
ther  extremity  being  attached  to  an  insulated  plate,  to  be  put 

1  contact  with  B  or  C  by  means  of  a  solid  metallic  plug, 
'bese  shunts  are  used  in  Latimer  Clark's  diflFerential  galvanom- 
ter,  and  their  use  in  measuring  resistance  is  too  well  known  to 
eed  further  explanation. 

The  advantages  possessed  by  this  galvanometer  are : 

Am.  Joitr.  Sol— Third  Series,  Vol.  XI,  No.  62.— Feb.,  1876. 

8 


114  &  P,  Sadder — Occurrence  of  Tartronic  Acid, 

1.  It  is  easily  adjusted  to  any  vertical  lantern,  from  which  it 
can  be  removed  in  a  moment  if  desired. 

2.  The  distance  between  the  deflecting  coils  being  readily 
varied,  it  can  be  adjusted  to  currents  of  various  intensity. 

3  The  resistance  of  the  galvanometer  is  quickly  varied  from 
one-half,  to  twice  the  resistance  of  one  of  the  galvanometer 
coils. 

4.  The  coils  may  be  replaced  by  others  when  desired. 

5.  It  can  instantly  be  converted  into  a  differential  galvanom- 
eter and  used  in  measuring  resistance. 

6.  It  can  be  constructed  in  any  work-shop  at  a  very  small 
expensa 

St.  Louis,  Oct  26,  1876. 


Art.  XI. — On  a  new  occurrence  of  Tartronic  Acid^  with  aome 
remarks  on  t/ie  Molecular  Structwre  of  Glyceric  Add ;  by  Sak- 
UEL  P.  Sadtler. 

(Read  before  the  Amerioan  PhQoeophioal  Society,  September  17,  1875.) 

In  the  Propyl  series,  nine  normally  formed  acids  are  possi- 
ble, besides  several  isomeric  unsymmetrically  formed  ones. 
They  are : — 

I.  IV.  VII. 

CjHeO,  C.HeO,  O3H4O4 

OH,  0H,.OH  OO.OH 

bn,  (!h,  ^Kt 

fco.OH  (Jo.OH  Ao.OH 

n.  V.  viiL 

CaHfiO,  0,He04  0,H,0. 


CH,  OHj.OH  CO.OH 

Ah.oh  cfaoH  (Jh.0H 

60.OH  (Jo.OH  bo.OH 

III.  VI.  IX. 

CaH^Oa  C,H404  C,H,0. 


CHa  OHt.OH  CO.OH 

ho  do  60 

Ao.OH  Ao.OH  do.OH, 

and  the  following  arc  the  acids  considered  as  having  the  molec- 
ular structure  just  given  : — 

I,  propionic  acid  ;  II,  lactic  acid  (of  fermentation)  ;  III,  pyruvic 
or  pyro-racemic  acid ;  IV,  ethylene  lactic  acid ;  V,  glyceric  acid ; 
VI,  carbacetoxylio  acid ;  VII,  malonic  acid ;  VIII,  tartronic  acid ; 
IX,  mesoxalic  acid. 


&  a  SadOer—Ooeumnee  of  Toartmie  Add.  116' 

In  one  or  two  of  these  cases,  however,  there  is  still  a  differ- 
nee  of  opinion  as  to  whether  the  acid  named  is  the  one  possess- 
Dg  the  normal  molecolar  stmctare  given  above,  or  is  onlv  an 
Bomer  of  it,  having  its  carbon  atoms  differently  nnited.  Nota- 
ry with  gljoeric  acid  is  this  yet  an  open  question.  Some 
mlts  lately  obtained  in  the  conrse  of  a  study  of  this  acid 
appear  to  me  to  be  of  value  for  the  solution  of  tliis  question. 

The  other  view  of  the  molecular  structure  of  glyceric  acid 
makes  it  unsymmetrical,  two  of  the  carbon  atoms  being  doubly 
united.     The  formula  given  is 

OHfOH 

/doH 
0  I 

\0H.OH. 

As  will  be  seen,  this  formula  does  not  contain  the  carboxyl 
group,  hitherto  supposed  to  be  the  inevitable  characteristic  of 
an  onanic  acid.  The  author  of  this  theory  is  Prof.  Wislicenus, 
of  Wtirzbuiv,  and  the  following  are  the  reasons  riven  in  sup- 
port of  it  If  lactic  acid  be  acted  upon  with  hydrogen  iodide, 
ff  iodo-propionic  acid  is  formed,  according  to  the  following 
reaction : 

GH,  OH, 

6H.0H+HI=bH.I    +H.OH 
6.00H  feo.OH. 

This  when  heated  to  160^  with  strong  HI  is  changed  into 
propiouie  acid.  If,  on  the  other  hand,  glyceric  acid  be  acted 
apon  with  hydrogen  iodide,  P  iodo-propionic  acid  is  formed. 
If  this  had  the  formula 

CH,I 

(fe, 

db.oH, 

on  treatment  with  moist  silver  oxide,  it  would  pass  into  ethy- 
lene lactic  acid.  It  does  not,  however,  do  this,  out  a  new  acid 
isoiieric  with  ethylene  lactic  acid  is  formed — hydracrylic — 

CH,.0H 

/(in 

0  I 
\CH.0H. 

That  the  molecular  structure  of  this  acid  is  essentially  dif- 
ferent from  that  of  ethylene  lactic  acid  is  proved  by  the  oxy- 
dation  products  of  the  two.  Ethylene  lactic  acid  yields  malonic 
acid,  while  hydracrylic  does  not  yield  a  trace  of  this,  breaking 
op  into  glycoiic  and  oxalic  acids  and  carbonic  dioxide.  More- 
>7er,  hydracrylic  acid  on  heating  yields  acrylic  acid,  a  deriva- 
tive of  allyl  alcohol,  instead  of  the  lactid  yielded  by  the  lactic 
icids. 
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Prof.  Widioenus,  however,  frankly  gives  one  experiment 
made  by  himself,  the  result  of  which  tends  the  other  way.  He 
reduced  the  /3  iodo-propionic  acid  by  sodium  amal^m  and 
obtained  what  appeared  to  be  the  normal  propionic  acid,  show- 
ing the  r^ular  molecular  structure. 

In  favor,  moreover,  of  the  normal  structure  for  the  molecule 
of  glyceric  acid  is  the  formation  of  pyruvic  or  pyroracemic  acid. 

OH, 

60 

(Jo.OH 

from  glyceric  acid  upon  heating  this  to  140^,  explained  by  the 

following  reaction : 

CH,.0H  OH, 

Ah.oh-h.oh=Ao 

(Jo.OH  (Jo.OH. 

The  structure  of  this  pyruvic  acid  is  known  from  the  fact 
that  acted  upon  by  nascent  hydrogen  it  gives  normal  lactic 
acid. 

A  strong  additional  argument  would  be  had,  if  we  could 
show  a  connection  between  glyceric  acid, 

CH«.0H 

iaoH 

Ao.OH 

and  tartronic  acid,  OO.OH 

Ah.0H 

60.OH. 
Hitherto  tartronic  acid  had  not  been  formed  from  glyceric 
acid,  but  only  iu  an  indirect  way,  by  the  spontaneous  decom- 
position   of   nitrotartaric    acid,   according  to  the  following 
reaction : 

CO.  OH  CO.OH 

(!jH.0(N0,)    (!h.oh    „  ^     ^ 

dH.o(No.)=  Ao.oh+^'^*+^'- 
do.OH 

However  this  mode  of  formation  was  interesting  as  tending 
to  show  its  symmetry  of  structura  For  that  matter  a  dibasic, 
triatomic  acia  could  hardly  exist,  except  by  the  assumption  of 
two  carboxyl  groups. 

I  have  been  fortunate  enough  to  find  tartronic  acid  associ- 
ated with  glyceric  acid  in  the  oxydation  products  of  glycerine. 
The  preparation  of  the  two  acids  was  as  follows :  One  part  by 
weight  of  glycerine  is  mixed  with  one  part  of  water,  and  to 
^he  mixture  is  added,  by  means  of  a  long  funnel  tube  reaching 
to  the  bottom  of  the  cylinder,  about  one  and  a  quarter  parts  of 
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red  fuming  nitric  acid.  After  allowing  them  to  rest  until  all 
gas  evolution  has  ceased  (which  usually  takes  some  six  days), 
the  solution  is  evaporated  down  at  a  gentle  heat  until  the 
fames  of  nitric  acid  are  no  longer  perceptible.  It  is  then  very 
thick  and  syrupy.  It  is  now  diluted  with  water,  and  plumbic 
carbonate  is  added  in  excess.  The  oxalate  and  undissolved 
carbonate  are  filtered  off,  and  the  solution  slightly  concentrated 
and  allowed  to  crystallize.  The  glycerate  of  lead  deposits  in 
thick  crvstalline  crusta  These  are  separated  from  the  mother- 
liquor,  dissolved,  and  the  lead  precipitated  out  from  the  solu- 
tion by  sulphuretted  hydrogen. 

The  colorless  or  light  straw-colored  filtrate  is  somewhat  con- 
centrated, and  calcic  carbonate  is  added  to  neutralization.  The 
golution  is  filtered,  if  necessary,  and  to  the  filtrate  is  added  96 
per  cent  alcohol.  The  calcium  salts  present  are  all  precipi- 
tated, in  greater  part  at  once,  and  completely  on  standing 
twelve  hours. 

If  the  solution  had  been  very  concentrated  the  calcium  salt 
is  precipitated  in  a  granular  condition.  If,  on  the  other  hand, 
it  was  more  dilute,  the  salt  only  separates  gradually,  and  has  a 
beautiful  micaceous  and  scaly  appearance. 

I  had  at  first  considered  this  precipitate  to  be  pure  calcium 
glycerate,  but  found  on  dissolving  it  in  water,  in  order  to  free 
it  from  the  lime  and  obtain  the  glyceric  acid,  that  while  the 
greater  portion  dissolved  readily  in  warm  water,  a  considerable 
portion,  although  not  more  than  one-tenth  of  the  whole  amount, 
remained  and  dissolved  only  on  continued  boiling.  This, 
when  tiltered  oft*  and  washed  in  cold  water,  appeared  as  a  dull 
white,  almost  impalpable  powder,  contrasting  in  appearance 
with  the  crystalline  glycerate. 

It  was  dried  carefully  at  100°  until  constant  weight  was 
obtained. 

Calcium  determinations  were  first  made.  Weighed  portions 
were  ignited  in  a  platinum  crucible  once  or  twice  with  excess 
of  concentrated  sulphuric  acid  until  the  weight  remained 
constant. 

•5755  grma  salt  yielded  4925  grma  CaSO^  equal  to  25*22 
per  cent  Ca. 

1759  prms.  salt  yielded  1505  grms.  CaSO^  equal  to  2516 
per  cent  Ca. 

The  theoretical  per  cent  of  calcium  in  calcium  tartronate  is 
25*32,  while  in  calcium  glycerate,  allowing  for  two  molecules 
of  water  of  crystallization,  it  is  18*99. 

I  had  analyzed  the  micaceous  preparation  of  calcium  gly- 
cerate about  the  same  time,  and  had  gotten  in  two  determina- 
tions, 14*08,  14*07  per  cent  of  calcium  respectively.  The  dif- 
ference was   so  great   that   I   could   not   understand   it.     On 
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reckoning  up  the  molecular  weight,  however,  assuming  one 
atom  of  calcium  to  be  present,  I  got  159.  The  molecular 
weight  of  calcium  tartronate  is  168.  Being  dibasic,  the  molec- 
ular weight  of  the  calcium  compound  is  of  course  much  less 
than  the  weight  of  the  calcium  compound  of  glyceric  acid,  a 
monobasic  acid. 

I  endeavored  twice  to  make  a  combustion  of  the  salt  in  order 
to  get  the  per  cent  of  hydrogen  and  carbon.  Each  time  cal- 
cium carbonate  remained  undecomposed  at  the  heat  of  the 
combustion.     I  therefore  gave  them  up. 

I  then  took  the  remainoer  of  my  salt,  grown  rather  small,  to 
my  great  regret,  and  neutralizing  the  lime  with  oxalic  acid, 
obtained  the  free  acid.  This,  on  concentration,  deposited  out 
crystals.  On  examination  with  a  lens  they  were  seen  to  be  oJ' 
tabular  form,  well  agreeing  with  the  appearance  of  tartronic 
acid  obtained  from  nitro-tartaric  acid.  A  combustion  was 
made  of  these,  and  here,  unfortunately,  an   accident  to  the 

Jotash  bulbs  lost  me  the  carbon  determination.     The  hydrogen 
etermination,  however,  is  given.    * 

•4848  grms.  salt  yielded  18-28  grms.  H,0  equal  to  8-88  per 
cent  hydrogen. 

The  theoretical  per  cent  of  hydrogen  in  CjH^O,  is  8"38. 

An  important  test  that  I  wished  to  make  but  was  compelled 
to  forego  for  the  time,  was  to  act  upon  this  tartronic  acia  with 
hvdrogen  iodide.  Were  its  structure  symmetrical,  it  should 
yield  a  iodo-malonic  acid,  which  by  further  treatment  with  HI 
or  with  reducing  agents  would  yield  malonic  acid. 

Wishing  to  obtain  larger  quantities  of  the  tartronic  acid  for 
further  examination,  I  have  since  oxidized  another  portion  of 
glycerine  and  treated  the  products  in  the  same  way.  This 
time  I  got  no  tartronic  acid  whatever,  at  least  only  a  trace  of 
calcium  salt  remained  undissolved  on  heating  with  water. 
Evidently  here  the  oxidation  had  proceeded  somewhat  differ- 
ently as  no  tartronic  acid  formed.  This  result  is  not  surprising 
on  reflection,  as  the  oxidation  by  nitric  acid  is  not  capable  of 
much  control,  and  a  product  once  formed  is  liable  to  be  still 
further  oxidized.  Thus  glyceric  and  tartronic  acids  are  both 
liable  to  be  oxidized  into  oxalic  acid,  which  always  forms  in 
considerable  though  varying  quantity.  Indeed  the  oxidation 
of  glycerine  by  nitric  acid  is  now  known  to  yield  a  ^arietv  of 
product^  of  which,  however,  no  doubt  some  are  secondary 
ones. 

Thus  Heintz*  has  proved  that  racemic,  formic,  glycolic  and 
glyoxalic  acids  are  all  found  associated  with  the  glyceric  and 
oxalic  acids  in>Uiis  prt>duct» 

The  tartronic  acid  just  found,  therefore,  is  only  one  of  sev- 

*  Ann,  der  Ch.  und  Ph.,  dii,  p.  325. 
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eral  smaller  side-products.  The  known  symmetry  of  structure 
of  the  molecules  of  all  these  side  productd,  however,  certainly 
argues  in  favor  of  a  similar  symmetry  in  the  glyceric  acid 
molecule. 

There  is  one  way  of  reconciling  these  two  views  of  the  struc- 
ture of  glyceric  acid,  and  that  is  the  assumption  of  the  exist- 
ence of  iwo  isomeric  acids,  of  which  one  is  normal  and  the 
other  an  unsymmetrical  acid. 

Some  results  that  I  have  just  obtained  in  purifying  the  cal- 
cium glycerate  seem,  indeed,  to  point  this  way.  Should  the 
ansymmetrical  glyceric  acid  preponderate  in  this  mixture, 
Wislicenus'  reactions  with  hydrogen  iodide  are  readily  under- 
stood. Another  fact,  which  should  not  be  lost  sight  of,  is  that 
in  the  decomposition  of  P  iodo-propionic  acid  by  moist  silver 
oxide,  Wislicenus*  obtained  not  hydracrylic  acid  alone,  but 
three  other  products  accompanying  it,  so  that  the  decomposition 
was  not  so  simple 

I  am  now  engaged  upon  a  study  of  this  question,  and  hope 
to  be  able  lo  give  more  information  upon  it  in  a  short  time. 


Art.  XXL — Note  on  the  ^^Chloritt'c  formation  ^^  on   the  western 
border  of  the  New  Haven  Region  ;  by  James  D.  Dana. 

The  rocks  of  the  hilly  region  west  of  the  New  Haven  plain 
are,  for  nine  miles  westward,  metamorphic  slates,  and  beyond 
this  distance  mostly  gneiss.  Immediately  adjoining  the  region 
there  is  what  Percival  has  called  a  "chloritic  formation,"  the 
area  trending  about  north-northeast;  then  on  the  west  of  this, 
with  the  same  trend,  (2)  a  hydromica  slate,  but  little  removed 
from  argillite.  becoming  slightly  garnetiferous  toward  the  west- 
ern limit ;  next  (8)  a  glossy  garnetiferous  mica  slate,  containing 
some  beds  of  gray  semi-crystalline  limestone;  next  (4)  at  Derby, 
common  gneiss  and  coarse  porphyritic  gneiss.  These  rocks  are 
involved  in  one  system  of  folds,  and  are  throughout  conforma- 
ble in  bedding. 

The  rock  of  the  **chloritic  formation"  varies  much  in  texture 
and  composition  in  passing  from  the  Sound  northward.  Near 
Savin  Rock,  on  the  Sound,  it  is  a  chloritic  hydromica  slate. 
The  gray  and  slightly  silvery  surface  is  more  or  less  blotched 
and  lined  with  the  olive-green  of  chlorite,  and  the  rock  has  in 
the  mass  in  general  a  greenish  tint  The  slaty  structure  is 
usually  perfect,  and  yet  some  layei-s  fail  of  it.  Grains  of  mag- 
netite are  common,  and,  less  so,  those  of  pyrite. 

*  Ann.  der  Ch.  und  Ph.,  cLzvii,  p.  41. 
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This  slaty  variety  of  the  rock  cootinues  with  little  change 
for  a  mile  and  a  half  north.  Beyond,  the  massive  layers 
increase  in  extent  At  the  deep  Derby  railroad  cut,  two  miles 
north  of  Savin  Bock,  the  massive  variety  constitutes  more  than 
half  of  the  rock  exposed  in  the  sections;  and  it  is  not  all 
in  separate  beds;  for  thick  beds  that  are  slaty  in  one  part  are 
in  others  for  many  rods  massive,  and  it  is  impossible  to  separate 
the  massive  from  the  slaty  by  any  stratigrapnical  planes. 

This  massive  rock  is  commonly  without  a  trace  of  bedding; 
at  the  same  time,  it  is  variously  and  extensively  jointe<l,  so  that 
it  affords  only  deceptive  indications  of  strike  or  dip.  It  varies 
in  color  from  greenish  gray  to  dark  olive-green  and  blackish 
gray.  Some  of  it  is  almost  cryptocrystalline ;  but  in  general 
the  texture  is  fine  granular.  Part  of  it  is  porphyritic  with 
small  crystals  of  a  whitish  feldspar. 

Between  this  Derby  cut  ana  "Maltby  Park,"  a  mile  and 
three  quarters  west  of  north,  this  massive  rock  constitutes 
nearly  all  the  outcrops :  and  in  some  places  the  porphyritic 
variety  is  pale  greenisn  gray,  from  the  thickly  crowded  feldspar 
crystals. 

Over  Maltby  Park  the  rock  is  again  slatv  and  silvery,  olten 
with  blotches  of  chlorite — a  chloritic  hvdromica  slate — as  at 
Savin  Bock ;  yet  with  enough  of  both  the  ordinary  and  por- 
phyritic massive  kinds  amon^  the  slaty  layers  to  exhibit  its 
close  relation  to  the  rocks  farther  south.  The  slate  cx^casionallv 
ha^  the  chlorite  in  lar^e  lenticular  concretions,  and  now 
and  then  is  light  ^ray  and  contains  crystals  of  pyroxene.  In 
some  places,  especially  along  seams,  it  is  epidotia  Veins  and 
seams  of  quartz  are  numerous.  In  the  slate  there  are  inter- 
rupted beds  of  limestona  Part  of  the  limestone  contains 
serpentine  and  is  a  handsome  verd-antique  marble ;  and  with 
the  serpentine  there  are  often  grayish  green  cleavable  pyroxene 
(sahlite),  asbestus  and  chromic  iron. 

A  mile  farther  north,  or  five  miles  from  Savin  Bock,  (west  of 
Westville),  the  rock  is  almost  wholly  a  dark  green  chlorite 
slate — the  micaceous  part  absent 

The  rocks  in  the  course  of  the  five  to  six  miles  are — in  reca- 
pitulation— commencing  at  the  Sound  : 

For  1^  miles,  chloritic  hydromica  slate,  little  of  it  massive. 
1^  to  2(  miles,  chloritic  hydromica  slate,  much  of  it  massive. 
2^  to  4  miles,  massive  chloritic  rock  with  little  of  it  slaty. 
4  to  4f  miles,  chloritic  hydromica  slate,  very  little  of  the  rock 

massive. 
4}  to  6  miles,  mostly  dark  green  chlorite  slate. 

It  is  to  be  noted  that  throughout  the  formation  the  slaty  and 
massive  portions  are  so  associated,  sometimes  as  alternating 
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beds,  sometimes  as  parts  of  the  same  beds,  that  (heir  common 
metamorphic  origin  cannot  be  questioned — a  point  that  I  have 
studied  for  years. 

The  resemblances  of  the  massive  rock  to  trap  was  long  since 
noticed  by  Professor  Silliman,  who,  in  a  paper  on  the  geology 
of  New  fiaven  and  its  vicinity,  published  in  1811  in  Bruce  s 
Mineralogical  Joamal,  called  it  '*  primitive  greenstona"  In  fact, 
the  sinailaritj  in  external  aspect  is  so  close  that  hand  speci- 
mens from  some  portions  of  it  would  without  question  be 
pronounced  trap^that  is,  dolerjrte,  diabase,  or  melaphyre — by 
the  most  experienced  lithologists. 

In  1872,  an  incomplete  analysis  of  the  feldspar  in  the  pale 

Sayish  green  porphyritic  rock,  outcropping  just  south  of 
altby  Park,  was  made,  by  Mr.  Edward  S.  Dana.  The  amount 
of  silica  afforded  by  the  feldspar  having  been  found  to  be 
but  45  per  cent,  the  conclusion  suggested  was  that  the  rock 
consisted  largely  of  labradorite,  and  that  it  was  probably  essen- 
tially identical  with  part  of  the  trap  of  the  Connecticut  valley 
dikes.  In  view  of  tne  presence  oi  chlorite,  I  hence  regarded 
the  compact  rock  of  the  region  as  a  metamorphic  diabase ;  and 
it  is  the  rock  specially  referred  to  under  that  name  in  the  last 
edition  of  my  Manual  of  Geology. 

Still,  the  analysis,  besides  being  incomplete,  was  not  satis- 
factory because  the  feldspar  crystals,  although  of  the  normal 
hardness,  were  granular  in  texture,  without  good  cleavage,  sug- 
gesting that  they  might  possibly  have  undergone  a  partial  alter- 
ation. On  account  of  Mr.  Dana's  departure  for  Europe,  be  was 
compelled  to  leave  the  investigation  he  had  begun  unfinished  ; 
and  so  it  has  remained  until  this  summer,  when  it  was  taken 
up,  at  my  request,  by  the  skillful  analyst  connected  with  the 
mineralogical  department  of  the  Sheffield  Scientific  School  of 
Yale  College,  Mr.  George  W.  Hawes.  His  results  prove  that 
the  rooks  are  in  fact  metamorphic  doleryie^  melamorphic  diabase^ 
and  metamorphic  melaphyre ;  the  first  two,  labradorite  rocks, 
and  the  last  an  oligoclase  variety.  To  distinguish  these  meta- 
morphic rocks  from  the  igneous  of  the  same  composition,  they 
are  named,  (»n  my  suggestion,  metadoleryte^  metadiahi^ne^  and 
vietamelaphyi-e.  The  examples  are  part  of  a  long  series  of  rock 
species  which  have  representatives  both  among  igneous  (or  in- 
trusive) and  metamorphic  rocks.  Other  kinds  are  dioryte  and 
metnd'oryte  syenyte  and  metasyenyte,  feUyte  and  metafeUyle^  etc. 

We  hav^e  here  the  important  geological  fact  that  lal)radorite 
is  a  prominent  constituent  of  certain  metamorphic  rocks  which 
have  the  aspect  of  much  dioryte,  and  which  are  probably  of 
Lower  Silurian  origin.*    The  labradorite — a  lime-and-soda  feld- 

*  On  the  question  of  their  age  I  have  collected  many  facts  and  propose  before 
long  to  publish. 
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spar — ^must  have  been  a  result  of  the  mctamorpbic  process. 
And  its  lormation  was  probably  favored  by  two  conditions  in 
the  original  mud-beds  so  changed;  (1)  the  presence  of  a  com- 
paratively small  percentage  of  silica,  or  not  over  50  per  cent; 
and  (2)  the  presence  of  much  disseminated  carbonate  of  lime 
probably  derived  mainly  from  pulverized  fossils.  The  fact  that 
the  chloritic  formation  contains  two  or  more  be<ls  of  limestone 
is  reason  for  supposing  that  the  mud  elsewhere  may  have  been 
more  or  less  calcareous.  The  oligoclase  of  the  metamelaphvre 
required  (or  its  formation  only  that  the  mud  should  contain  a 
little  more  silica  and  soda  and  less  lime. 

The  terms  doleryie  and  diabase  are  here  retained  for  the  tgnenus 
rocks  which  have  been  so  called — diabase  being  applied  to  the 
chloritic  variety  of  doleryte.*  Some  German  works  on  Lithol- 
ogy  restrict  the  term  doleryte  to  dolerytes  not  older  than  the 
Tertiary,  and  call  the  other  kinds,  whether  chloritic  or  not, 
diabase.  But  this  is  giving  diflFerent  names  to  the  same  com- 
pound ;  and  it  is  making  geological  age — a  criterion  fortunately 
never  considered  in  the  naming  of  other  rocks — override  diflFer- 
ence  of  mineral  composition. 


Art.  XIII. — Co  ninbuf  ions  from  the  S'leffield  Laboratory  of  Yak 
Colleiie,  No.  XXXVIL— 77/e  Rocks  of  the  'ChhriVc  formation'' 
t')i  tfie  Western  Border  of  the  Xew  Uav*in  region  ;  by  George 
W.  Hawes. 

Thk  rocks  which  compose  the  ridge  fronting  the  New  Haven 
plain  on  the  west,  in  the  town  of  Woodbridge  and  Orange, 
and  which  have  been  described  in  the  foregoing  article  by 
Professor  Dana,  bear,  as  he  states,  a  close  resemblance  to  the 
trap  rocks  of  the  Connecticut  Valley.  It  hence  becomes  interest- 
ing to  ascertain  whether  the  similarity  is  sustained  by  their 
chemical  composition  and  mineral  const! tuent& 

As  in  the  case  of  the  trap,  these  rocks  are  of  different 
kinds.  Firsts  dark-colored  crystalline  rocks  very  similar  in 
color,  toxture,  fracture,  and  specific  gravity,  to  the  undecom- 
posed  dolerytes  of  this  region;  and  second^  rocks  which  are 
more  or  less  green  and  appear  to  be  chloritic,  very  closely  resem- 
bling the  diabase.  The  latter  kind  has  itsporphyritic  varieties. 
Besides  these  there  is  a  third  kind  which  contains  a  higher  per- 
centage of  silica,  and  has  the  composition  of  melaphyre. 

I.  Metadokryt*'. — A  specimen  collected  from  an  outcrop  about 
a  mile  south  of    Maltby  Park  (on    what  was   formerly  Mr. 

*  On  the  origin  of  this  chloritic  condition  of  part  of  the  trap  of  the  Connecticut 
yalley— the  part  distinguished  here  as  diabase — see  this  Journal  III,  yi,  104, 
1873;  also  Mr.  G.  W.  Hawes,  ibid.,  ix,  191,  1875. 
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Stcdckel's  farm)  was  selected  for  analysis.  It  was  crystalline- 
granular  in  texture ;  and  it  would  be  hard  to  detect  by  the  eye 
any  diflference  between  it  and  many  kinds  of  doleryte  which 
are  found  in  this  region.  The  analysis  shows  that  in  chemical 
composition  also  it  is  very  nearly  the  same.  An  analysis  of  a 
specimen  of  true  igneous  doleryte,  from  the  trap  ridge  called 
West  Rock,  in  New  Haven,  is  placed  beside  it  for  comparison. 

MSTADOLEBTTB,  WBOU  StCBOKBL'S  FaBM. 

Doleryte.  ft>om 
I.  II.  Mean.  West  Rock. 

Silica 50-40  60-32  60-36  61-78 

Alumina   14  43  14*71  1467  14-20 

Ferric  oxide 2-48  247  248  369 

Ferrous  oxide  ..  -     8-28  8-36  8-81  8-25 

Manganous  oxide      '43  .49  -46  *44 

Lime 11-15  11-11  11-13  1070 

Magnesia 7-65  769  762  7*63 

Soda 3-01  3-08  3-04  2*14 

Potash   -43  -44  44  -39 

TiUnic  acid 1-65  1-74  1  -70 

Chromic  oxide. . .       tr.  tr,  tr.    PgO^ 14 

Ignition 74  -83  -78  -63 

100-65        101-18       100-89  99-89 

Specific  gravity 3-04  3-03 

The  close  resemblance  between  the  igneous  and  the  meta- 
morphic  rock  will  be  noticed ;  they  diflFerfrom  one  another  less 
than  do  the  different  varieties  of  doleryte.  Moreover,  observa- 
tions made  upon  thin  sections  indicate  that  the  rock  is  com- 
posed of  pyroxene,  a  triclinic  feldspar,  and  a  black  opaque 
mineral  which  the  analysis  shows  to  be  titanic  iron.  The 
pyroxene  is  a  dark-green  variety,  but  clear  and  undecom- 
posed.  If  we  assume  that  the  pyroxene  of  this  rock  is  of  the 
same  composition  as  that  of  the  New  Haven  dolerytes,*  the 
magnesia  indicates  that  it  contains  65  per  cent  of  this  ingredi- 
ent, which  being  subtracted  along  with  3  per  cent  of  titanic 
iron,  leaves  41  per  cent  of  a  mineral,  the  oxygen  ratio  of  which 
is  very  near  to  1 :  8  :  6 — proof  that  the  feldspar  is  labradorite. 
Uence,  the  physical  appearance,  the  chemical  composition,  and 
the  proportion  between  the  mineral  constituents  all  show  a 
very  close  resemblance  to  doleryte.  The  name  of  meiadoleryte 
seems  therefore  to  be  particularly  appropriate  for  this  rock. 

2.  Metadiabase  — The  chloritic  variety,  which  has  been  re- 
ferred to,  resembles  diabase  in  appearance  as  closely  as  the 
preceding  kind  does  doleryte.  There  are,  however,  wider 
limits  of  variation  in  texture  and  in  the  proportion  between 
the  mineral  constituents  than  is  noticed  in  diabase ;  for  the 
rock  is  sometimes  uniformly  crystalline,  and  sometimes  coarsely 

*  See  this  Journal,  III,  ix,  page  187. 
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porphyritic.  As  would  be  supposed,  there  are  no  amygda- 
toiaal  cavities  or  geodes  either  in  the  mass  or  in  microscopic 
sectiona  The  analysis  was  made  upoo  a  specimen  collectea  at 
the  Derby  railroad  cut  where  there  is  a  nne  display  of  these 
rocks.  The  specimen  was  uniform  in  texture  and  of  a  light- 
green  color. 

MSTADUBASB,  mOM  THB  DlRBT  RAnJtOAD  OUT. 

Silica 48-26 

Alumina 14^22 

Ferric  oxide 1'96 

Ferrous  oxide    7*39 

Manganous  oxide 1  *dO 

Lime 11*58 

Magnesia   8*26 

Soda    2-68 

Potash    ^24 

Titanic  acid 1-61 

Water 2-11 


I. 

MSMI. 

48-16 

48-20 

14-01 

14-12 

2-05 

2-00 

7-48 

7-41 

1-19 

1-24 

11-47 

11-60 

811 

8*19 

2-56 

2-60 

•28 

•28 

1-66 

1^58 

2-29 

2-20 

99-49             99-04  9927 

Specific  gravity 8-02 

The  analysis,  taken  with  the  observations  made  upon  thin 
sections,  shows  that  the  rock  is  a  mixture  of  pyroxene,  chlorite, 
labradorite,  and  titanic  iron,  which  are  the  constituents  of 
diabase ;  and  hence  this  metamorphic  rock  is  appropriately 
distinguished  by  the  name  meiadiabase.  The  absence  of  car- 
bonate of  lime  is  noticeable,  showing  that  in  this  case  the 
ohlorite  was  formed  simultaneously  with  the  pyroxene,  and  not 
at  the  expense  of  the  pyroxene,  as  in  the  case  of  the  diabase  of 
the  trap  aikes  of  the  Connecticut  valley,  which  always  contains 
carbonate  of  lime  as  one  result  of  the  change.  ITiis  rock  in 
places  contains  pyrite,  which  is  also  frequent  in  trap. 

PoBPHTBino  Mradubasb;  South  or  Maltbt  Pabx. 

DlAbMeofSaltOD- 
L  n.  Meia.  ■tollRldg«. 

Silica 48-67  48*65  48-61  49-28 

Alumina 17*78  17-86  17*81  15-92 

Ferric  oxide -86  -16  -25  191 

Ferrous  oxide 8*44  8-48  8*46  10-20 

Manganous  oxide.     -20  -20  -20  -37 

Lime 11-17  11*14  11-16  7*44 

Magnesia 7*78  7*74  7*76  6*9i> 

Soda 2*73  2-82  2*77  3*40 

Potash -47  *47  '47  "72 

Titanic  acid 1*35  1-35  1-35           CO^       1-14 

Water 1-60  1-65  1*63  3-90 


100-44         100-51          100-47  100-27 

Specific  gravity 301  2-86 
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There  are  vturieties  of  this  rook  intermediate  between  these 
two,  some  specimens  of  whioh  are  beautifully  porphjritia  In 
some  Irinds  the  feldspar  is  free  from  impurities ;  but  in  those 
varieties  which  are  very  feldspathic,  and  the  feldspar  crys- 
tals laisest,  these  crystals  are  quite  impure  from  the  envelop- 
ment of  chlorite.  The  porphyritic  rock,  from  an  outcrop  near 
tiie  Orange  road,  just  south  of  Maltby  Park,  containing  clear 
crystals  of  feldspar,  was  analyzed,  and  the  result  is  given  on  tihe 
preceding  paga  An  analysis  of  the  diabase  of  Saltonstall  Lake, 
m>m  my  former  paper,  is  added  for  comparison. 

This  porphyritic  ro.*k  is  composed  of  the  same  minerals  as 
the  more  compact  varieties,  for  all  of  the  ingredients  can  be 
easily  recognized  under  the  microscope.  The  possible  presence 
of  anorthite  in  the  rock  is  Huggested  by  the  following  analysis 
of  some  laige  grains  of  feldspar  taken  from  an  adjoining  rock : 
SiO,  46-52,  A1,0,  29-84,  MgO  285,  CaO  15-99,  NaO  1-61, 
EO  -87,  ignition  2-88  =  98-06.  This  analysis  was  made  by 
Mr.  K  S.  Dana  some  years  since,  but  he  states  that  the  micro- 
scopic examination,  and  the  analysis  itself,  show  that  the  grains 
were  very  impure  crystals  of  a  triclinic  feldspar,  and  as  tQl  the 
calculations  upon  the  analyses  point  to  the  presence  of  labra- 
dorite,  we  cannot  assume  that  an  v  of  the  rocks  which  have 
been  analyzed  contain  anorthite,  though  it  is  very  likely  to 
exist  in  the  rocks  of  the  series,  since  a  constant  composition  in 
the  feldspar  could  not  be  expected  in  the  different  hyers  of  a 
rock  mace  up  of  shifting  sediments. 

8.  Metamelaphyre — a  specimen  taken  from  an  outcrop  on 
Stoeckers  farm  is  so  fine  grained  as  to  appear  nearly  crypto* 
crystalline;  it  is  broken  into  angular  fragments  like  some  of 
our  trap  rocks,  and  in  fact  resembles  some  compact  trap  so 
closely  as  to  make  it  impossible  to  distinguish  it  by  the  eye 
alona     Its  analysis  afforded  the  following  results: 

Mktaiolaphtbx,  fbom  St(xokil*8  Fabm. 

I.  n.  Ifean. 

Silica 66-08  66-10  6607 

Alumina 14-88  18-98  1418 

Ferric  oxide 7-16  7-26  7-20 

Ferrous  oxide 1-86  1-99  1-92 

Manganous  oxide.     -80  *80  -80 

Lime 9-05  9-01  903 

Magnesia 6*02  6-94  6*98 

Soda 4-08  4-14  411 

Potash -88  -37  -87 

Titanic  acid 1-66  1-66  1-56 

Water -68  -75  -72 

100-48  100-89  100-44 

Specific  gravity 2-99 
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If  we  assume  that  the  pyroxene  of  this  rock  has  the  same 
composition  as  that  of  No.  1,  we  calculate,  from  the  magnesia 
that  it  contains,  44  per  cent  of  this  ingredient;  then,  deducting 
three  per  cent  of  tittmic  iron,  we  have  left  a  remainder  of  53 
per  cent,  which  has  verv  exactly  the  ratio  and  composition  of 
oligoclase.  This  mineral  constitution  appears  to  be  justified  by 
the  microscopic  examination,  since  no  free  quartz  or  other 
mineral  can  be  detected.  If  we  restrict  the  use  of  the  term 
melaphyre,  as  it  is  done  in  some  recent  works  on  lithology,  to 
a  mixture  of  oligoclase  and  pyroxene,  with  some  titanic  iron, 
the  rock  here  analyzed  is  melaphyre  in  composition  as  well  as 
appearance ;  and  being  a  metamorphic  rock,  it  is  metamelapfiyre. 

We  thus  have  representatives  of  the  larger  part  of  thepj'rox- 
enic  igneous  rocks,  in  positions  which  show  conclusively  that 
they  are  of  metamorphic  origin.  The  fact  that  metamorphic 
action  can  produce  rocks  exactly  like  the  igneoiis  in  external 
aspect  and  chemical  constituents  is  of  great  interest  in  the 
study  of  rocks. 


Art.  XIV. — On  a  new  Tertiary  Lake  Basin ;  by  Georqe  B. 

Grinnell  and  Edward  S.  Dana. 

« 

Several  Lake  Basins  of  Ternary  age  have  already  been 
discovered  in  the  Rocky  Mountain  region,  and  the  more  im- 
portant of  them  have  been  carefully  explored.  Those  of 
Eocene  age  have  only  been  known  since  1870,  but  the  Miocene 
deposits  of  the  White  River  have  long  been  noted  for  their 
wonderful  scenery,  as  well  as  for  the  number  and  variety  of  the 
mammalian  remains  found  in  them.  Another  Miocene  basin 
is  known  in  Oregon,  and  both  the  lake  beds  of  this  period  are 
overlaid  by  deposits  of  Pliocene  aga* 

During  the  explorations  carried  on  last  summer  under  the 
direction  of  Col.  W  m.  Ludlow,  Corps  of  Engineers,  a  series  of 
Tertiary  deposits  were  identified  by  the  writers  near  Camp 
Baker,  Montana.  These  deposits  indicate  the  existence  in  this 
region  of  a  Miocene  lake  basin,  which  was  succeeded  by  an- 
other lake  basin  in  Pliocene  time.  As  these  basins  are  quite 
distinct  from  those  heretofore  known,  it  is  considered  important 
to  put  the  fact  of  their  discovery  on  record. 

Camp  Baker  is  situated  on  Deep  Creek,  a  stream  which  flows 
into  the  Missouri  River  above  Sun  River.  It  lies  about  fifty 
miles  nearly  due  east  of  Helena.  It  is  surrounded  on  all  sides 
by  mountains,  of  which  the  Big  Belt  Range,  lying  immediately 
to  the  south  or  southwest,  is  the  highest  and  most  conspicuous. 

♦This  Journal,  III,  vol.  ix,  p.  49,  Jan.,  1876. 
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The  Little  Belt  Mountains  lie  to  the  north,  and  the  Crazy 
Woman  Mountains  to  the  southeast,  though  at  a  greater  distance. 

The  Tertiary  beds  found  here  consist  for  the  most  part  of 
homos^eneous  cream-colored  clavs  so  hard  as  to  be  with  diffi- 
culty  cut  with  a  knife.  The  beds  are  horizontal  and  rest  un- 
conformably  upon  the  uj)turned  yellow  and  red  slates  below. 
The  clays  of  which  they  are  formed  resemble  closely  those 
found  in  the  Miocene  beds  at  Scott's  BIuflTs  near  the  North 
Platte  River  in  Wyoming.  The  deposits  at  Camp  Baker  have 
been  extensively  denuded  and  nowhere  reach  any  very  great 
thickness.  At  a  point  about  three  miles  southeast  of  the  Post, 
some  bluflfe  were  noticed  where  the  Miocene  beds  attained  a 
thickness  of  200  feet,  and  these  were  capped  by  fifty  feet  of 
Pliocene  clays,  both  beds  containing  characteristic  fossils.  In 
the  underlying  Miocene  beds  were  found  a  species  of  Rhino- 
ceros, several  species  of  Oreodon  Leidy  and  Eporeodcm  Marsh,  a 
canine  tooth  apparently  of  Ehtherium  Pomel,  and  remains  of 
Turtles.  In  the  Pliocene  beds  the  principal  fossils  were  a  species 
apparently  of  Alerychyus  Leidy,  remains  of  an  equine  smaller  than 
the  modern  horae,  and  Pliocene  Turtles.  These  fossils  have 
not  yet  been  carefully  studied,  and  for  this  reason  their  rela- 
tions to  the  remains  found  in  the  other  lake  basins  of  similar 
age  cannot  here  be  stated. 

We  saw  the  first  exposures  of  these  beds  a  few  miles  west  of 
the  Sulphur  Springs,  just  after  crossing  a  rather  high  ridge  of 
trachyte  through  which  Deep  Creek  flows  in  a  narrow  and 
picturesque  canon.  This  point  is  about  six  miles  southeast  of 
Gamp  Baker.  From  here  the  lake  bed  was  traced  continuously 
along  Deep  Creek  for  a  distance  of  fifteen  miles,  extending 
quite  up  to  the  mountains  on  the  eastern  side  at  least  Beds 
of  the  same  character,  containing  similar  fossils,  were  found  on 
White  Tailed  Deer  Creek,  a  branch  of  Deep  Creek,  about 
seven  miles  to  tlie  north  of  Camp  Baker,  as  well  as  on  Camas 
Creek  to  the  southwest  of  the  Post.  Traces  of  this  deposit, 
containing  what  appear  to  be  remains  of  Rhinoceros,  were  also 
found  two  miles  or  more  south  of  Moss  Agate  Springs,  and 
at  a  considerable  elevation  above  the  creek  bed.  With  more 
time  than  we  had  at  command  they  could  no  doubt  have  been 
traced  much  farther,  although  in  many  places  the  beds  have 
been  washed  out,  or  have  been  covered  by  the  later  local  drift. 

These  Tertiary  beds  were  all  laid  down  after  the  elevation  of 
the  mountains  and  the  igneous  eruptions.  They  are,  as  has 
been  said,  perfectly  horizontal,  and  are  often  seen  covering 
over  ridges  of  trachyte.  The  line  of  separation  between  the 
Miocene  and  Pliocene  beds  is  in  some  places  well  marked.  It 
consists  of  about  six  feet  of  hard  sands,  interstratified  with 
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layers  of  very  small  water-worn  pebbles  soldered  together  into 
a  hard  mass,  but  easily  picked  out  with  a  knife.  Each  of 
these  layers  is  about  six  inches  in  thickness.  Immediately 
above  these  strata  the  Pliocene  fossils  were  found.  In  seve- 
ral places  fragments  of  trachyte  were  noticed  in  the  Pliocene 
beds. 

Near  Camp  Baker  are  a  series  of  upturned  ridges  of  Pots- 
dam sandstones  and  limestones  at  a  level  very  little  above 
that  of  the  Tertiary  beds,  and  doubtless  in  tliis  region  the 
lake  was  divided  mto  many  arms,  which  bent  around,  and 
extended  among,  these  ridges. 

It  is  known  that  in  the  neighborhood  of  Fort  Shaw,  and 
near  Helena,  Pliocene  deposits  exist,  and  at  Fort  Ellis  and  in  the 
valley  of  the  Yellowstone  we  saw,  but  were  unable  to  examine, 
gray  sands  and  marls,  which  Dr.  Hayden  refers  to  the  same 
aga  No  Miocene  beds,  however,  have  been  identified  at  any 
of  these  localities.  It  seems  probable  that  in  Pliocene  time  at 
least,  the  Baker  Lake  may  have  extended  north  to  the  Mis- 
souri River,  and  perhaps  up  that  stream  to  the  Three  Forks, 
thus  connecting  with  the  lake  which  existed  near  Fort  Ellis. 
Indeed  it  would  seem  that  we  just  touched  upon  the  southern 
edffe  of  this  basin,  which  may  have  extended  far  to  the  north 
and  west 

An  interesting  point  in  connection  with  these  deposits,  is 
the  fact  that  they  are  at  a  much  greater  elevation  than  any 
other  beds  of  the  same  age  now  known  on  the  continent  The 
elevation  of  the  White  Kiver  and  Colorado  beds  is  about  8,000 
feet,  and  that  of  the  Oregon  basin  somewhat  less,  while  that 
of  the  deposits  near  Camp  Baker  is  over  5,000  feet 

In  reference  to  the  relations  which  this  lake  basin  bears  to 
the  Oregon  basin  and  to  the  White  River  deposits,  nothing  can 
be  certainly  known  without  a  careful  exploration  of  the  whole 
region  and  a  thorough  study  of  its  vertebrate  remains.  It  is 
by  no  means  impossible  that  the  Baker  Lake  may  have  flowed 
into  that  at  White  River  by  some  old  river  channel,  but  so 
little  is  known  of  the  intervening  country  that  no  definite 
opinion  can  be  pronounced  on  the  subject 
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Art.  XV. — Communications  from  the  Laboratory  of  Williams 
OoUege.  No.  IV. —  On  the  Product  of  the  action  of  Potassium 
on  Ethyl  Succinate;  by  Ira  Bemsen. 

In  a  notice  published  a  short  time  ago  in  this  Journal,*  I 
described  a  few  preliminary  experiments,  undertaken  with  the 
object  of  discovering  the  structure  of  a  peculiar  substance 
which  is  produced  when  potassium  is  allowed  to  act  upon 
ethyl  succinate.  Since  the  time  of  the  first  publication,  I  have 
been  engaged  in  prosecuting  this  investigation,  the  results  of 
which  are  herewitn  communicated.  The  communication  is 
hastened  by  the  fact  that  quite  recently  a  similar  investigation 
has  been  undertaken  in  the  laboratory  of  Wislicenus,t  and  in 
the  publication  of  the  experiments  no  reference  is  made  to  my 
work. 

1.  Prqmratum  and  Properties. 

The  substance  under  consideration  was  first  obtained  by  v. 
FehlingJ  in  the  course  of  an  exhaustive  examination  of  the 
compounds  of  succinic  acid.  I  give  his  description  of  the 
method  of  obtaining  the  substance:  **  If  ethyl  succinate,  which 
has  been  thoroughly  dried  by  means  of  calcic  chloride,  is 
brought  in  contact  with  potassium  or  sodium,  the  metal  be- 
comes oxidized,  and  the  ether  is  decomposed.  At  the  ordinary 
temperature  the  decomposition  takes  place  more  readily  witn 
potassium  than  with  sodium.  The  action  begins  instantane- 
ously ;  an  inflammable  gas  is  evolved  which  conducts  itself 
like  hydrogen.  By  gently  heating  the  action  is  hastened  ;  the 
mass  becomes  heated  spontaneously,  and  care  must  hence  be 
taken  not  to  heat  higher  than  30-40^  at  first  In  connection 
with  the  reaction  a  peculiar  penetrating  odor  is  perceived.  If 
the  action  is  too  violent,  the  mass  may  easily  be  thrown  out  of 
the  vessel  in  which  it  is  contained." 

"  If  sufficient  potassium  has  been  added  the  mass  becomes 
thick  and  viscid,  and  the  color  of  the  mass  is  brown.  This 
color  appears  to  arise  from  secondary  decomposition -products  " 
— **  If  water  is  now  added  to  the  mass,  and  it  be  heated  rapidly 
to  boiling,  a  clear,  yellow  liquid  is  obtained,  upon  which  an 
oily,  yellowish  layer  floats ;  but  it  seems  to  be  important  not  to 
heat  for  too  long  a  tima  The  liquid  congeals  on  cooling, 
forming  a  soft,  pasty  mass.  By  means  of  a  filter  the  liquid  is 
separated  from  a  yellow  crystalline  mass,  and  the  residue 
washed  out  with  water.*' — *'The  yellowish  residue  upon  the 
filter  is  purified   by  repeated  recrystallizations  from    alcohol. 

♦Vol.  ix,  p.  120.  f  Berliner  Berichte,  viii,  Jahrgang,  1039. 

X  Annalen  der  Ch.  Pharm.,  xlix,  192. 
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The  crystalline  mass  is  now  white  with  a  slight  tinge  of  yellow, 
possessing  a  beautiful  satin-luster,  and  is  very  voluminous.^' 

The  analyses  made  agreed  closely  with  each  other  and  led 
to  the  formula  C,H,0,. 

*•  The  compound  does  not  dissolve  in  water.  Alcohol  dis- 
solves it  reaaily,  particularly  with  the  aid  of  heat ;  cold  ether 
dissolves  it  in  every  proportion.     By  heating  with  alkalies  this 

Eroduct  is  decomposed,  alcohol  is  given  off  which  can  easily 
e  recognized  by  the  odor;  and  a  yellow  solution  is  obtained, 
similar  to  that  which  was  obtainra  at  first  by  treating  with 
water  the  mass  which  was  produced  by  the  action  of  potassium 
upon  the  ether.  This  solution  contains  potassic  succinate '* 
**The  crystalline  body  fuses  at  188°  and  sublimes  completely 
at  206°.  With  ammonia  this  product  forms  a  bright  yellow 
body  crystallizing  in  needlea'" 

Smce  the  time  of  the  publication  of  the  investigation  of  v. 
Fehling,  this  substance  does  not  appear  to  have  been  reexam- 
ined. Only  Geuther*  has  indulged  in  some  speculations  in 
r^ard  to  its  structure,  though  his  speculations  are  not  based 
upon  new  experiments.  He  proposed  to  double  the  formula  of 
y.  Fehling  making  it  C,.H,^0„  and  then  suggested  that  the 
compound  was  either  disuccinic  ether  or  diethyldisuccinic  acid. 
In  view  of  the  peculiar  method  of  its  formation,  it  seemed 
desirable  to  learn  something  more  definite  in  r^ard  to  the 
chemical  conduct  of  the  body,  and  accordingly  I  prepared  a 
considerable  quantity  of  it  and  subjected  it  to  examination. 
The  statements  of  v.  Fehling  in  r^ard  to  its  preparation  were 
found  to  be  in  the  main  correct  It  is  not  a  simple  matter  to 
tell  when  the  reaction  between  the  metal  and  the  ether  is  at  an 
end,  as  the  mass  becomes  very  thick,  even  while  warm,  and, 
the  metal  becoming  covered  with  a  layer  of  the  fully  decom- 
posed mass  is  kept  finom  further  action.  It  is  very  important 
too,  not  to  have  an  excess  of  the  metal,  for,  as  we  shall  see, 
the  now  subtance  forms  with  potassic  hydroxide,  a  compound 
which  is  easily  soluble  in  water,  and  is  also  easily  decomposed 
by  the  hydroxide,  if  the  temperature  is  raised.  I  found  it  suf- 
ficient to  rtH^rystalliie  the  pmauct  but  once  from  alcohol,  obtain- 
ing it  thus  almost  pure,  either  in  the  form  of  laminae  with  a 
stnnig  luster,  or  or  needles  of  considerable  length.  The  alco- 
holic solution  exhibits  the  property  of  fluorescence  to  a  marked 
degrei\  but  I  have  noticed  that  this  property  grows  less  marked 
the  purer  the  cinnix>nnd  becomes.  The  fusing  point  of  the 
wnmnind  is  given  at  ISS""  bv  v.  Fehling,  whereas  I  found  it  to 
be  at  128^  " 
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2.  Metallic  Uompouudt. 
en  sodium- nmalgam  ia  allowed  to  act  upon  the  alcoholic 
>D  of  the  compound,  there  is  produced  a  voluminous  red 
itate,  which  is  very  easily  soluble  in  water.  From  the 
us  sotutioD,  chlorhydric  acid  precipitates  a  white  sub- 
I  which  is  insoluble  10  wateranddifl&eultly  soluble  in  alco- 

This  substance  proved  to  be  the  original  compound, 
suae  red  precipitate  is  produced  when  alcoholic  solutions 
!  compound  and  potassic  hydroxide  are  brought  together, 

similar  precipitate  when  sodic  hydroxide  is  used  instead 
lassie  hydroxide.     The  latter   precipitate  was  first  pre- 

for  examiuatioQ. 

Sodium- Compound,  C,gH,^NagOa  +4H,0. 

s  compound  was  prepared  by  bringing  together  alcoholic 
ons  of  the  original  body  and  sodic  hydroxide.  It  is 
D  down  immediately,  as  a  beautiful  red  precipitate.  This 
utate  consists  of  microscopic  needles.  It  was  filtered  off 
vai^hed  out  with  alcohol.  In  drying,  the  color  changed 
red  to  yellow,  but  it  appears  as  though  this  change  of 
is  not  accompanied  by  a  chemical  change.  The  analyses 
the  following  results  : 

101  grams  of  the  Bnbstanoe  gave  0-08  gmua  Nb,SO^= 
-02S9  grsmB  Na. 

1202  grams  of  the  sabstance  gave  0*046  grams  Na^SO^^ 
■0156472  grams  Na. 

Calooktod.  Found. 


,H,-0,  254 


872  100*00 

cording  to  this,  the  substance  has  the  formula  GjiHifNajOf 
jO.  It  is  verv  easily  soluble  in  water,  and  the  body, 
-1(0,,  is  precipitated  from  this  solution  on  the  addition 
acid.  By  boiling  with  a  little  sodic  hydroxide  succiaic 
s  formed. 

3  corresponding  potassium  compound  is  mentioned  by 
cenus  [loa  cit.)  Another  potassium  compound  of  the 
(la  C , ,  H I ,  KO ,  is  also  mentioned,  the  existence  of  which 
s  clearly  for  the  formula  C,,H,,0,  for  the  original  sab- 
>,  instead  of  the  simple  formula  C,H,0,. 

Barium- Compound,  C,jH,.BaO,+H,0. 
.n  alcoholic  solution  of  the  substance  C,,H,   0,  is  added 
ryta  water,    a  beautiful  rose-colored  precipitate  is  pro- 
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duced,  similar  to  that  produced  with  sodic  hydroxide.  This 
was  filtered  oflF  from  the  solution  of  baryta-water  and  rapidly 
washed  out  with  hot  water.  During  the  process  of  filtration 
the  surface  of  the  liquid  on  the  filter  was  carefully  protected 
from  the  influence  of  the  air  by  a  perforated  cover  wnich  was 
connected  with  a  tube  containing  potassic  hydroxide.  After 
all  baryta  had  been  washed  away,  the  residue  was  boiled  with 
alcohol,  and  again  rapidly  filtered  in  order  to  remove  any  un- 
combined  C,,H,-0,.  It  was  then  dried  and  analyzed  with 
the  following  results : 

0*1904  grams  of  the  sabstance  gave  0*1085   grams  BaSO^= 
0*065798  grams  6a. 

Calculated.  Toand. 

^ifHiiOe  254  62-10  

Ba              137                 83*50                 83*51 
H,0  18  4-40  

409  100*00 

The  formula  is  therefore  C,,H,4BaO,+H,0.  The  com- 
pound is  very  stable.  As  was  seen  above  it  can  be  boiled 
with  alcohol  or  water  without  undergoing  decomposition.  It 
is,  however,  decomposed  by  acids  just  as  the  sodium-compound 
is,  the  substance  C ,  ,H ,  ,0,  being  precipitated. 

Calcium- Compound^  ^12^, ^CaO,  +H2O. 

If  lime-water  is  used  instead  of  baiyta-water,  a  precipitate  is 

Produced,  which  is,  however,  of  a  beautiful  lemon-yellow  color, 
^his  was  purified  in  the  same  manner  as  the  barium-compouud. 
The  analysis  gave  the  following  numbers: 

0*2172  grams  of  the  substance  gave  0*0937  grams  CaSO^z=0*0275 
grams  Ca. 

Calcdiated.  Found. 

CjjHj^Oe  254  81*41  

Ca                40                 12*82                 12*67 
H,0  18  5*77  

812  100-00 

Afa^nfstum-CXimpound, — When  the  body  C,,H,  ,0^  is  boiled 
in  water  with  magnesia,  a  purple  compound  is  produced,  which 
resembles  the  awve  described  compounds  in  many  resp>ects. 
This  is  probably  the  same  compound  that  is  mentioned  by 
Wislicenus  as  Kaving  been  prepared  in  another  way. 

Wo  have  here  then  a  series  ot  peculiar  metallic  compounds, 
which  are  not  salts  in  the  usual  acceptation  of  that  term.  The 
substance  C,,ll,.0  is  not  an  acid:  at  least  it  does  not  con- 
tiun  the  gri^up  CXX>H,  for  it  is  entirely  unaffected  by  the  alka- 
Nne  carbonates,  and«  its  metallic  compounds  are  themselves 
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decomposed  by  carbon  dioxide.  Wislicenos  proposes  the 
formula 

CH,.CO.CH.CO.O.C,H, 

CH,.CO.CH.CO.O.OaH, 

for  the  ori^nal  compoand,  according  to  which  it  is  ethyl 
saocinylsuccinate,  a  derivative  of  succinylsuccinic  acid.  The 
metallic  compoands  are  explained  by  supposing  the  hydrogen 
atoms  of  the  groups  CH  to  be  replacea  by  the  metals,  the 
hydrogen  in  these  groups  having  a  somewhat  acid  character. 
It  seems  to  me  that  the  great  stability  of  the  ether  which  we 
have  above  recognized  speaks  against  this  formula.  Most 
acids,  which  consist  of  atoms  grouped  in  the  manner  indicated 
by  the  above  formula,  are  decomposed  by  boiling  with  baryta- 
water,  whereas  we  have  seen  that  this  substance  may  be  boiled 
with  baryta-water  without  undergoing  decomposition.  It  is 
true  that  we  know  very  little  concerning  bibasic  acids  of  this 
structure,  and  it  is  possible  that  what  is  true  of  the  monobasic 
acids  is  only  partially  true  of  the  bibasic.  Be  this  as  it  may,  it 
is  certain  that  the  experiments  thus  far  published  will  not  per- 
mit the  positive  conclusion  that  the  above  formula  is  the  true 
one,  and  further  investigations  would  be  called  for  whether  the 
formula  is  correct  or  not 

3.  Action  of  phosphoric  Chloride  upon  the  body  C ,  ^H ,  ^O,. 

With  the  hope  of  learnirg  something  more  definite  concern- 
ing the  nature  of  the  oxygen-atoms  contained  in  the  substance 
under  examination,  I  next  undertook  the  study  of  the  action  of 
phosphoric  chloride  upon  it  At  first  I  employed  two  mole- 
cules of  the  chloride  to  one  molecule  of  the  substanca  When 
the  two  are  brought  together  in  a  dry  vessel,  no  action  ensues 
until  heat  is  applied.  If  the  mass  is  very  gently  heated,  the 
substance  C,,H,  ,0,  melts,  and  immediately  reaction  com- 
mences, and  continues  then  without  the  further  aid  of  heat, 
until  the  contents  of  the  retort  form  a  clear,  homogeneous  liquid. 
The  reaction  is  accompanied  by  an  evolution  of  chlorhydric 
acid,  the  amount  of  wnich,  however,  was  such  as  to  leave  me 
in  doubt  whether  this  was  a  necessary  product  of  the  reaction, 
or  was  formed  from  the  secondary  decomposition  of  the  phos- 
phorus compound  which  distilled  over.  The  oxichloride  of 
phosphorus  was  distilled  off  by  gentle  heat,  and  the  oil  in 
the  retort  then  treated  with  water.  Decomposition  soon  be^n 
and  there  resulted  a  solid,  insoluble  product  On  examination 
this  proved  to  be  the  original  substance  C,,H,  ^0^.  As  the 
amount  of  this  product  was  comparatively  considerable,  I  at 
once  concluded  that  a  chloride  had  been  formed  by  the  first 
reaction  which  by  its  decomposition  with  water  yielded  the 


184  L  Bemsen  on  (he  Product  of  the  action  of 

m 

mother-substance.  This  coDclusion  proved  subsequently  to  be 
erroneous,  in  such  a  way  as  to  show  that  the  first  error  in  judg- 
ment was  partially  excusabla  In  a  second  series  of  experi- 
ments, I  employed  four  molecules  of  the  chloride  to  one  molecule 
of  the  substance,  and  thus  reached  new  results.  The  same  phe- 
nomena accompanied  the  reaction,  that  were  noticed  in  the  case 
already  described.  The  direct  product  was  a  clear,  yellow  oil 
This  was  treated  with  a  little  cola  water.  At  first  the  oil  simply 
fell  to  the  bottom  of  the  vessel,  but  in  a  short  time  decomposi- 
tion commenced,  and  gradually  the  oil  disappeared,  a  solid 
product  remaining  in  its  stead.  On  being  filtered  oflf  and 
examined,  the  solid  product  proved  to  be  a  new  acid,  comjmra- 
tively  easily  soluble  in  water.  In  the  filtrate  there  was  also 
contained  a  considerable  quantity  of  the  new  substance,  which 
was  extracted  by  shaking  with  ether.  The  new  acid  crystal- 
lizes out  of  the  concentrated  aaueous  solution  in  laminsd  which 
are  colored  yellow.  In  alcohol  it  is  exceedingly  easily  solubla 
It  dissolves  in  a  little  potassic  carbonate,  ancf  is  precipitated 
from  the  solution  on  the  addition  of  a  few  drops  of  chlornydric 
acid. 

As  this  product  is  easily  soluble  in  water,  it  is  plain  that  it 
escaped  me  in  the  first  experiment,  by  remaining  aissolved  in 
the  water  which  served  for  the  decomposition  of  the  chloride, 
a  sufficient  quantity  of  water  having  been  employed  to  dis- 
solve the  whole  of  the  product,  if  the  conversion  of  the  substance 
C,,H,gO,  into  the  chloride  had  been  complete.  That  which 
was  really  found  in  the  first  experiment  was  simply  a  part  of 
the  original  substance,  which  had  not  been  acted  upon  oy  the 
chloride  of  phosphorus. 

If  we  attempt  to  distil  the  chloride  for  the  purpose  of  purifi- 
cation the  mass  is  completely  carbonized.  A  few  drops  of  a 
colorless  liquid  boiling  at  a  high  temperature  pass  over,  but  the 

Juantity  of  this  liquid  is  too  small  to  admit  of  an  examination, 
t  is  decomposed  oy  water,  and  the  product  is  solid.  It  was 
impossible  to  determine  the  nature  of  the  solid,  owing  to  the 
small  quantity  obtained.  It  is  not  probable  that  it  was  succinic 
acid,  for,  in  that  case,  the  chloride  irom  which  it  was  obtained 
would  have  become  solid  at  a  low  temperature,  whereas  it 
remained  liquid  even  when  cooled  down  to  0°. 

If  the  product  of  the  action  of  phosphoric  chloride  on  the 
substance  C,,H|gO,  is  heated  for  some  time,  it  gradually 
becomes  solid,  or  nearly  so,  and  then  has  the  appearance  of  a 
translucent  resin.  I  analyzed  this  compound,  but  the  numbers 
obtained  did  not  agree  in  different  analyses  It  appears,  thus, 
that  condensation  and  decomposition  of  the  chloride  are  caused 
by  heat 

As  the  most  important  result  of  these  experiments  with 


Potassium  on  Ethyl  Succinate.  1S6 

1  yhloride.  theo,  we  see  tbat,  if  four  molecoles  of  the 
e  caused  to  act  upon  one  lOdlecule  of  tbe  Bubataooe 
„  a  liquid  chloride  is  furmed  which  is  decomposed 
'ieldiog  a  new  acid.  I  have  not  yet  studied  this  new 
saD,  therefore,  not  state  iu  what  manner  it  is  derived 
rigiual  substance.  As  it  can  apparently  be  prepared 
irable  quantity  with  comparatively  little  trouble,  its 
)n  will  probably  give  interesting  and  positive  results. 


HDD  to  the  results  already  recounted,  I  will  mentioD 

ing: 

I  chloride  exerts  uo  influence  upon  the   substance 

,.     It  simply  dissolves  it  when  gentle  heat  is  applied, 

ding,  tbe  unchanged  substance  crystallizes  out.     This 

Id  be  anticipated  with  considerable  certainty,  as  the 

I  alcoholic  hydroxyl  in  tbe  substance  was  not  at  all 

Still  the  experiment  was  necessary  to  prove  the 
atler  how  proliable  it  might  appear, 
lonia  does  not  act  upon  the  substance  eitiier  in 
r  alcoholic  solution,  v.  Fehling  Qoc  cit)  Btat«s  that 
lOnia  the  body  yielded  a  brigbt  yellow  compound 
ig  in  needlea  I  endeavored  in  vain  to  obtain  sucli 
nd.  I  first  boiled  the  substance  with  very  strona 
mmonia ;  it  remained  unchanged,  I  then  conducted 
lonia  gas  into  an  alcoholic  solution  of  the  substance, 
ion  turned  deep  yellow  in  color,  but  I  was  unable  to 
om  it  anything  save  the  original  substance.  This 
metimes  crystallizes  in  needles — a  fact  which  may 
ed  V.  Fehling.  By  analogy  we  should  expect  the 
of  a  compound  with  ammonia  corresponding  to  the 
ompound  described  abova  It  is  possible  that  some 
the  conditions  may  lead  to  its  formation. 
•ogen.  in  the  nascent  state  (from  tin  and  chlorhydrio 

not  act  upon  the  substance.  If  the  group  CO  ia 
is  difficult  to  see  why  this  should  not  oe  converted 
lecondary  alcohol  group  CH.OH   by  the   action   of 

)lution  of  potassic  permanganate,  as  well  as  dilute 
,  oxidize  the  substance  very  slowly.  The  products 
lidation  I  have  act  yet  examined.  In  connection 
sidation  by  means  of  potassic  permanganate  a  peculiar 
ou  was  noticed  which  deserves  mention.  I  have 
t  the  oxidation  took  place  slowly;  the  product  was 
d,  so  that  theraanganic  oxide  formed  was  precipitated: 
sr,  the  substance  oxidized  was  insoluble  in  water,  so 
nanganic  oxide,  being  produced  in  contact  with  the 
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faces  of  the  insoluble  crystaln,  was  deposited  in  even  layers 
apoQ  them,  forming  thus  a  complete  envelope,  and  giving  a 
genuine  pseudomorph.  I  was  at  first  deceivcKl  by  this  strange 
pseudomorph,  believing  it  to  be  the  product  of  the  oxidation. 
It  was  insoluble  in  water,  and  appeared  to  be  insoluble  in 
alcohol.  I  found,  however,  afterwara,  that  the  alcohol  dissolved 
the  central  portions  of  the  pseudomorphs  leaving  the  envelopes 
unchanged  in  form. 

6.  The  substance  was  healed  with  water  at  150^  in  a  sealed 
tuba  At  this  temperature  decorp position  took  place,  but  not 
at  a  lower  temperature.  The  products  of  the  reaction  were 
alcohol,  and  a  solid,  white  crystalline  substance  which  conducted 
itself  in  some  respects  like  succinic  acid.  The  alcohol  was 
detected  by  placing  the  whole  product  in  a  flask  and  distilling 
with  water.  The  distillate  was  tested  by  Lichen's  reaction* 
for  the  formation  of  iodoform. 


The  experiments  which  have  thus  been  described  do  not 
suffice  to  enable  us  to  judge  positively  in  regard  to  the  structure 
of  the  substance  under  investigation.  I  have  stated  above  the 
view  held  by  Wislicenus,  and  also  my  objections  to  this  view. 
It  remains  yet  to  be  decided  whether  my  objections  are  well 
founded,  and  this  can  be  done  only  by  the  aid  of  new  experi- 
ments. 


Na  Y,   On  the  action  of  (hone  on  Carbon  Monoxide  ;  by  Ira 

Rbmbjen  and  Mass  S.  Southworth. 

One  of  the  most  remarkable  examples  of  so-called  non- 
saturated  compounds  is  carbon  monoxide.  If  we  accept  the 
hypothesis  of  constant  valence,  the  compound  CO  must  possess 
free  affinities,  or,  as  some  chemists  believe,  the  two  affinities  of 
the  carbon>atom,  which  are  not  saturated  by  the  oxygen  atom, 
must  exercise  an  influence  upon  each  other.  We  can  not  ex- 
plain this  case  by  assuming  that  two  carbon-atoms  are  joined 
together  by  two  affinities  each,  for  we  know  that  the  formula 
of  carlxm  monoxide  is  CO,  and  not  C,0,  or  a  higher  multiple, 
and,  accepting  this  formula,  it  is  plain  that  we  cannot  assume  a 
double  union  of  carbon  atoms  in  the  compound. 

It  on  the  other  hand,  we  accept  the  hypothesis  of  variable 
valence,  believing  that  the  valence  of  an  element  depends 
unon  oireumstanoes,  we  shall  Wk  in  vain  for  circumstances 
wliioh,  in  the  one  case,  can  cause  the  bivalence,  in  the  other  the 
quadri>*aleuce,  of  the  oarlH>n-atom.  A  difference  in  temperature 
certainlv  dix^  not  cause  the  dillereuce  in  valence.     Tlie  atom 

•  AbbaIhi  dar  CtiMue.  SoppL  VIL  318. 
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i  carbon  is  qnadrivalent  toward  oxygen  at  the  ordinary  tern- 
)erature  and  under  ordinanr  oondition&  How  otherwise  shall 
?e  explain  the  formation  of  carbon  dioxide  in  the  processes  of 
lecay,  fermentation,  etc.  7  But  the  atom  of  carbon  is  jnst  as 
x)Bitively  quadrivalent  at  high  temperaturesL 

The  comparative  ease  with  which  carbon  monoxide  takes  up 
chlorine  appears  to  prove  that  it  possesses  free  affinities.  But 
f  we  accept  this  as  a  proof  of  the  existence  of  free  affinities  in 
aurbon  monoxide,  we  have  still  better  grounds  for  believing 
that  free  affinities  are  present  in  ethylene,  for  this  gas  combines 
irith  chlorine  much  more  readilv  tnan  carbon  monoxide  does. 
Still  the  view  is  commonly  held  that  in  ethylene  the  two 
3arbon-atoms  of  the  molecule  are  united  by  the  mutual  action 
of  two  affinities  of  each  atom. 

These  considerations  show  that  the  nature  of  carbon  monox- 
ide is.  as  yet,  but  very  unsatisfiustorily  understood.  The  first 
question  which  suggests  itself  is  this :  Mow  far  are  we  justified 
in  considering  carbon  monoxide  as  a  body  possessing  free  affin- 
ities? 

If  we  attempt  to  answer  this  question  entirely  without  preju- 
dice, we  see  that  the  principal  experiment  which  is  supposed  to 
prove  the  existence  of  free  affinities  in  carbon  monoxide  is  the 
above  mentioned  experiment  with  chlorine.  Oxygen  does  not 
combine  with  carbon  monoxide  at  the  ordinary  temperature. 
This  is  readily  understood,  for,  in  order  that  the  carbon  monox- 
ide and  oxygen  may  combine  by  direct  contact  of  the  two  sub- 
stances, the  oxygen-molecule  must  first  be  decomposed  into  its 
constituent  atoms.  An  interesting  experiment  in  this  connec- 
tion has  been  described  by  E.  Ludwiff,*  who  shows  that  carbon 
monoxide  is  oxidized  by  chromic  acid  at  the  ordinary  tempera- 
tare  forming  carbon  dioxide.  In  this  case  carbon  monoxide  is 
active  enough  to  separate  one  atom  of  oxygen  from  chromic 
acid  and  to  employ  it  for  the  formation  of  carbon  dioxide. 

We  have  occupied  ourselves  with  an  experiment  similar  to 
that  described  by  Ludwig,  and  have  obtained  a  difierent  and 
unexpected  result  It  appeared  to  us  to  be  of  interest  to  know 
whether,  at  the  ordinary  temperature,  ozone  has  the  power  to 
transform  carbon  monoxide  into  the  higher  oxida  According 
to  the  views  which  are  commonly  held  concerning  the  na- 
tare  of  the  substances  experimented  upon,  the  transformation 
mentioned  could  be  predicted  with  a  tolerable  degree  of  cer- 
tainty. Particularly  is  this  the  case,  if  we  consider  the  result 
of  Ludwig's  experiment,  for  usually  ozone  gives  up  its  extra 
atom  of  oxygen  with  still  greater  readiness  than  chromic  acid 
doea  There  is  indeed  no  substance  in  the  whole  field  of 
chemistry  which  furnishes  us  with  a  better  means  for  obtaining 

*  AnnAlen  dor  Gh.  u.  Pharm.,  dzii,  47. 
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a  free  atom  of  oKjgen  than  ozone.  If  then  we  bring  in  con- 
tact with  ozone  a  substance,  which  in  turn  is  capable  of  taking 
up  an  atom  of  oxygen  without  itself  undergoing  change; 
waich,  indeed,  possesses  an  attraction  for  oxygen,  we  are  ce^ 
tainly  justified  in  expecting  to  see  the  two  substances  act  upon 
each  other.  But  the  experiment  gave  the  unexpected  result 
that  ozone  does  not  act  upon  carbon  monoxide. 

Two  very  careful  experiments  were  performed.  Pure  carbon 
monoxide  free  of  dioxide  was  first  collected  in  a  gasometer. 
This  was  then  conducted  from  one  side  through  three  cylinders 
containing  potassic  hydroxide  and  lime-water  into  a  flask. 
From  the  otner  side  a  current  of  oxygen  was  conducted  through 
potassic  hydroxide  and  lime-water,  and  then  through  a  tube,  in 
which  the  oxygen  was  converted  into  ozone,  into  the  same 
flask.  This  flask  wa^  provided  with  a  stopper  having  three 
holes.  From  the  third  hole  a  tube  led  to  a  cylinder  containing 
lime-water:  and  this  cvlinder  was  connected  with  a  final 
cylinder  containing  potassic  hydroxide.  Let  us  see  what  pur- 
poses the  different  parts  of  the  somewhat  complicated  apparatus 
served.  In  the  first  place,  the  carbon  monoxide  was  caused  to 
pass  through  potassic  hydroxide  and  lime-water  in  order  to 
absorb  every  trace  of  carbon  dioxide  whic;h  might  be  present 
The  oxygen  was  treated  similarly  for  a  similar  purpose.  The 
ozone  generator  employed  was  that  described  by  Wright*  for 
use  with  the  Holtz  electrical  machine,  the  best  conditions  being 
retained  throughout  the  experiment  for  the  working  of  the 
apparatus  The  pure  carbon  monoxide  and  the  ozonized  oxy- 
gen were  then  caused  to  meet  in  the  final  flask,  the  inside  of 
which  was  moist,  as,  for  some  unknown  reason,  ozone  does  not 
exhibit  its  oxidizing  properties  as  well  when  dry  as  when 
moist  The  mixture  or  the  two  gases,  and  any  carbon  dioxide 
which  might  have  been  formed,  were  then  passed  together  into 
lime-water,  contained  in  a  cylinder,  the  lime-water  being  pro- 
tectee! from  the  influence  of  tne  carbon  dioxide  of  the  air  by 
the  potassic  hydroxide  contained  in  the  last  cylinder. 

Slow  currents  of  carbon  monoxide  and  oxygen  were  now 
passed  through  the  apparatus,  and,  although  the  action  was 
continued  for  a  long  time,  not  a  trace  of  a  precipitate  could  be 
detected  in  the  last  cylinder,  containing  lime-water.  The 
strength  of  the  gas-currents  was  frequently  changed,  but  noth- 
ing brouglit  about  the  expected  result 

In  view  of  the  importance  of  the  experiment  we  were  not 
satisfied  with  this  one  form  of  it  As  direct  sun-light  greatly 
facilitates  the  combination  of  carbon  monoxide  with  chlorine, 
it  seemed  probable  that  it  would  be  of  service  in  causing  the 
combination  of  the  two  gases  under  examination ;  and,  accord- 

*  ThU  Jounial,  toL  It,  Julj,  1872. 
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ingly,  we  repeated  the  deseribed  experiment  with  the  followiog 
modifications :  The  final  flask^  above  mentioned,  in  which  the 
carbon  monoxide  and  the  ossone  were  brought  together,  was 
replaced  by  two  large  glass  balloons,  and  these  were  placed  in  the 
direct  light  of  the  sun.  Again  slow  currents  of  carbon  monox- 
ide and  ozone  were  passed  through  the  apparatus  for  hours,  the 
rapidity  of  the  currents  bein^  varied  at  different  times. 

In  this  case  also  we  obtamed  only  a  n^ative  result.  We 
hence  are  in  a  position  to  assert  positively  that  carbon  monoi^- 
ide  is  not  oxidized  by  ozone. 

If  we  now  bear  in  mind  that  ozone  acts  destructively  upon  a 
great  many  saturated  stable  compounds,  that  one  of  the  atoms 
of  the  ozone  molecule  has  a  great  tendency  to  unite  with  other 
bodies,  then  the  result  of  the  above  described  experiments 
remains  inexplicabla  It  shows  at  nil  events  that  carbon- 
monoxide  itself  at  the  ordinary  temperature,  has  no  very  great 
tendency  to  unite  with  oxygen,  for,  if  our  ideas  in  regard  to  the 
nature  of  ozone  are  correct,  the  conditions  for  such  union  were 
very  favorable  in  our  experiment 

We  hope  gradually  to  oe  able  to  experiment  more  fully  upon 
this  interesting  subject  with  the  object  of  collecting  material 
which  may  enable  us  better  to  understand  the  nature  of  the 
so-called  non-saturated  compounds.  We  propose  next  to  study 
the  action  of  hydrogen  peroxide  upon  caroon  monoxide. 

Deoomber,  1875. 


Art.  XVI. — Minerahgical  Notes ;  by  Edward  S.  Dana. — No. 
L  On  the  Optical  Character  of  the  Chondrodite  of  the  Tilly 
Foster  ifine^  Brewster^  Netv  York. 

In  a  memoir  on  the  Brewster  chondrodite,  published  in  the 
third  volume  of  the  Transactions  of  the  Connecticut  Acad- 
emy, I  have  given  the  results  of  an  optical  examination  of 
chondrodite  crystals  of  the  second  type.*  It  was  there  shown 
that  the  optic  axes  lie  not  in  the  basal  plane,  but  in  a  plane 
making  an  angle  of  about  154°  10'  with  the  base;  and,  in  con- 
sequence, that  the  crystals  of  this  type,  at  least  from  that  local- 
ity, belong  optically  not  to  the  orthorhorabic  system,  but  to  the 
TiLonocliuic,  while  the  various  measurements  proved  that  the 
deviation  in  angle  from  the  orthorhorabic  type  could  not  be 
greater  than  2  or  3  minutes.  A  recent  repetition  of  the  meas- 
urements with  the  stauroscope  on  the  same  crystals,  and  also 
on    another  not  examined    before,    confirm    the   results    ob- 

*  See  also  this  Journal,  III,  iz,  63,  for  extracts  from  the  paper. 
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tained,  and  leave  no  room  for  doubt  on  the  subject    The  fol- 
lowing is  the  evidence  on  this  point  thus  far  obtained. 

Measurements  on  four  independent  crystals  gave  for  the 
supplement  angle  made  by  the  plane  of  the  axes: 

J    J  With  0^(fl=2Od),  IS""   9*;  hence  with  basal  plane,  25''  50'. 

^    (  With  «»(2 1=201),  45*»    9';     *•         "         **        "  25^46'. 

II.     With  <ja(f  1=205),  40**  55 ;     **         «         «         «  25**  59*. 

IIL  With  ^(«=  100),  65*»-70*';     «         «         «        ««  20**-25^ 

IV.  With  the  basal  plane,  direct  measurement,  25°. 

I  have  since  made  an  optical  examination  of  a  crystal  of  the 
third  type.  One  single  crystal  of  this  type  allowed  of  a  stauro- 
scopic  examination.  Only  a  small  portion  of  it  was  transpar- 
ent enough  for  use,  but  the  circumstances  allowed  of  a  very 
exact  adjustment  according  to  the  method  of  Grotb,  and  the 
probable  error  cannot  exceed  one  degree.  The  measurement 
gave  for  the  supplement  an^le  between  the  base  and  the  plane 
of  two  of  the  axes  of  elasticitv  7i^  a  result  which,  like  the  cor- 
responding one  obtained  for  the  second  type,  is  at  variance  with 
the  supposed  orthorhombic  character  of  the  species.  The  series 
of  measurements  were  made  at  different  times  with  independent 
adjustments,  but  no  considerable  variation  was  found  in  the 
result,  so  that  it  may  be  considered  as  being  above  question.  It 
is  remarkable  that  the  correspondence  between  the  two  types 
is  not  greater.  In  crystalline  form  the  third  type  is  between 
the  first  and  second.  I  have  to  regret  that  no  satisfactory 
material  is  at  hand  for  the  extension  of  these  investigations  to 
the  Yesuvian  humite. 

It  may  not  be  out  of  place  to  state  here  that,  through  the 
kindness  of  Mr.  Cosgriff,  the  Yale  College  Cabinet  has  recently 
received  some  exceptionally  large  crysttus  of  chondrodite  firom 
the  Tilly-Foster  Iron  Mine.  The  crystals  were  quite  perfect, 
and  four  inches  or  more  in  length.  Like  all  the  large  crystals 
they  are  partially  altered,  and  have  therefore  little  luster.  Thej 
are  penetrated  with  serpentine  and  brucite  derived  from  their 
alteration. 


Art.  XVII. — On  Hermannolite,  a  new  species  oj  the  Columbium 
group ;  by  Charles  Upham  Shepard,  Sr.,  Mass.  Professor 
of  Natural  History  in  Amherst  Collie. 

In  vol.  1,  p.  90,  of  this  Journal  (1870),  I  described  as  proba- 
bly new,  a  (x>lumbium  mineral  from  Haddam,  Connecticut,  to 
wfiich  in  June  last*  I  gave  the  name  of  Hermannolite,  in  honor 
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of  Dr.  IL  Hermann  of  Moacow,  to  whom  chemistry  has  been 
so  mach  indebted  for  the  elucidation  of  this  difficolt  group  of 
minerals.  By  reference  to  my  description  of  the  mineral  it  will 
be  seen  that  1  went  no  further  than  to  determine  the  proportions 
of  the  bases,  and  of  the  metallic  acids  with  which  they  were 
united,  without  attempting  to  ascertain  the  order  in  which  the 
latter  were  present    1  thus  found : 

Metallic  acids, 78-80 

Protoxide  of  iron, 13'86 

Protoxide  of  manganese, 7*72 

100-28 

Desirous  of  learning  the  exact  proportions  of  the  different 
acids,  I  availed  myself  of  ^an  opportunity  daring  the  past  sum- 
mer of  sending  specimens  to  Mr.  Hermann  for  this  purpose. 
He  has  had  the  goodness  to  perform  the  analysis,  and  to  com* 
municate  to  me  his  results  in  the  following  letter. 

"  Your  opinion  that  the  mineral  from  Haddam,  which  you 
most  kindly  named  for  me,  was  not  columbite  has  been  fally 
corroborated :  for  it  contains  no  hyponiobous  acid  (Nb'O'),  as 
the  columbite  does;  butniobous  acid  (NbO*);  and,  in  addition, 
hypoilmenic  acid  (1*0*),  and  also,  a  small  quantity  of  hypo- 
tan  talic  acid  (Ta'O*).  The  chemical  formala  is  therefore  quite 
different  from  that  of  the  Columbite :  L  a,  no^BO,  Me*0*,  but 
2(2RO,  8NbO»)+(RO,  Me»0»)Il«0»=(iTa*0*+|I120»). 

The  result  of  the  analysis  was : 

Oxygen.  Oalculated. 

Hypotantalic  acid,            7-029  rSOl  )  .  .„^  ..^ 

Hypoilmenic  acid,           14-917  4-126  ^  *^^  ^ " 

Niobousacid,                  56164  12290  12-0 

Protoxide  of  iron,           12*560  2-79  )       .^^  ^ 

Protoxide  of  manganese,  9-340  2-10  [     ♦  »^  ®^ 

100-000 

The  lower  specific  gravity  of  the  mineral  observed  by  you  as 
well  as  the  easy  solubility  in  sulphuric  acid  of  the  metallic 
acid  present,  are  readily  explained  from  their  small  content  of 
tantalic  acid,  and  from  the  greater  proportion  of  oxygen  in 
the  niobous  acid  as  compared  with  that  of  the  hyponiobous 
acid  in  Columbite." 

Mofloow,  Nov.  9,  1876. 

The  physical  characters  of  the  mineral  are  given  in  the  vol- 
ame  of  this  Journal  above  referred  to. 
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SCIENTIFIC    INTELLIGENCE. 

I.  Chemistry  and  Physics. 

1.  On  the  Didymium  ahaorption-spectrum  and  the  Atomic 
weight  of  Cerium, — Bi^hbio  has  examiued  the  methods  for  the 
preparation  of  pure  oeriam  and  has  made  an  elaborate  determina- 
tion of  its  atomic  weight.  As  the  absorption  spectram  of  didym- 
iam  is  so  characteristic,  the  author  made  a  careful  study  of  it, 
with  a  view  to  use  it  to  prove  the  freedom  of  the  cerium  from  this 
metal.  The  pure  sulphate  in  a  tube  22  cm.  long  (1*0454  grams  in 
50  c.  c.  of  water)  gave  11  bands.  Upon  dilution,  it  was  found 
that  in  this  tube  yVtr  g^^^  o^  the  sulpnate  in  100  c.c.  water — co^ 
responding  to  i-f^rj  gram  Di,— coula  be  detected  by  its  bands. 
In  a  tube  52  cm.  long,  Trfrrv  ff^^  o^  sulphate,  corresponding  to 
nirT  gr^^  of  didymium,  could  be  thus  detected.  Using  a 
Duboscq,  in  place  of  the  Hofimann  spectroscope,  three  additional 
absorption  lines  were  observed,  making  in  all  14.  The  spectram 
given  by  a  crystal  of  sulphate  0*9  mm.  thick,  contained  22  lines, 
and  was  considerably  different  from  the  others.  Plates  of  these 
spectra  are  riven.  The  cerium  was  obtained  pure  firom  the  mixed 
oxalates  of  the  cerite  earths,  by  igniting  these  without  the  addition 
of  magnesia,  by  solution  in  nitnc  acid,  and  precipitation  of  the 
cerium  as  ceroso-ceric  sulphate.  This  precipitate,  after  washing, 
was  obtained  free  from  didymium  by  Gibbs'  method.  The  atomic 
weight  of  cerium  was  determined  from  the  combustion  of  the 
oxalate  and  was  found  to  be,  as  a  mean  of  ten  closely  concordant 
results,  to  be  94*1782.  The  author  adds  some  analytical  data 
concerning  the  salts  of  ceiium. — J,  pr,  Ch,^  II,  xii,  209,  Nov., 
1875.  G.  F.  B. 

2.  On  the  Density  of  Platinum^  of  Iridium  and  of  their  Alloys, 
— Sainte-Clairk  Deville  and  Debkat  have  prepared  with  great 
care  both  platinum  and  iridium  in  a  state  of  purity  and  nave 
determined  the  density  of  these  metals  as  well  as  that  of  several 
of  their  alloys.  The  methods  which  they  made  use  of  to  purify 
these  metals  are  given  at  length  in  their  memoir.  The  platinum 
ingots  weighed  n*om  200  to  *250  grams,  and  gave  a  density  of 
21*5.  The  iridium,  after  breaking  under  the  rolls,  had  a  density 
of  22*42104;  in  the  ingot,  as  melted,  of  22*239.  An  alloy  of  90 
per  cent  of  platinum  and  10  of  iridium  had  a  density  of  21*615 ;  of 
platinum  85  and  iridium  15,  of  21'618;  of  66*67  platinum  and 
38*33  indium,  21*874;  of  platinum  5  and  iridium  95,  22*384;  thus 
increasing  quite  regularly. —  C,  i?.,  Ixxxi,  829,  Nov.,  1875. 

G.   F.    B. 

3.  New  method  of  Chlorinating  Hydrocarbons. — In  the  course 
of  experiments  made  to  discover  a  solvent  for  the  comparatively 
unstable  molybdenum  pentachloride,  Abonueim  observed  the 
energy  with  which  it  transferred  its  chlorine,  even  benzol  when 
heated  with  it  evolving  torrents  of  hydrochloric  acid  gas.    Further 


C^emutrjf  and  Physics.  148 

ezaminatioii  showed  it  to  be  a  ftr  more  energetic  chlorine  carrier 
bhan  iodine,  since  (1)  it  acts  more  readily  and  qnickly,  (2)  it 
mrries  the  process  more  uniformly  from  one  stage  to  the  next,  and 
(3)  it  can  be  more  readily  removed  from  the  products.  If  to  500 
grams  anhydrous  benaol,  5  ^prams  MoCl,  be  added,  and  a  stream  of 
Bhlorine  be  passed  through  it,  heat  being  applied  by  a  water-bath 
snd  a  retom-oooler  being  nsed,  after  three  dfays  the  liquid  solidi- 
fies on  ooolinff  to  an  intermixed  crystal  mass,  consiBting  of  nearly 
pure  para-dichlor^beniol,  which  after  purification  is  equal  in  wekrht 
to  the  benzol  taken.  By  acting  on  toluol  in  this  way,  the  author 
in  conjunction  with  Dibtbich,  nas  obtained  several  new  chlorine 
derivatives  of  this  hydrocarbon.— ^^r.  Beri.  Chem,  Oes.^  viii, 
liOO,  Nov.,  1875.  G.  F.  B. 

4.  On  the  JS^ed  of  Ma$$  &n  t/ie  Ohmneal  acHan  of  Water.— 
OsrwALD  has  made,  in  the  laboratory  of  the  Dorpat  University,  a 
research  upon  the  action  of  water  in  mass  upon  chemical  action. 
A  concentrated  solution  of  bismuth  chloride  in  hydrochloric  acid 
waa  divided  into  25  equal  portions.  To  the  first,  water  was  added 
tiU  a  permanent  turoidity  appeared,  and  quantities  of  water 
ffraduaay  increasing  from  this  were  added  to  the  other  portions, 
ue  last  receiving  enough  to  precipitate  all  the  bismuth.  Aft^ 
itanding  six  weeks,  the  various  liquids  were  separatelv  analyzed, 
the  chlorine,  btnnuth,  hydrogen  and  water  being  determmed. 
These  results  are  given  m  a  tabla  To  compare  them  a  second 
table  is  given  in  which  the  chlorine  and  bismuth  are  calculated  for 
100  parts  of  water.  If  from  these  figures  a  curve  be  constmoted 
with  those  for  bismuth  as  abscissas  and  chlorine  as  ordinates,  the 
form  of  the  curve  for  two-thirds  of  its  length  is  a  hyperbola.  The 
first  third  is  nearly  a  straight  line,  differing  from  this  no  more  than 
is  allowed  by  experimental  errors.  Hence  either  Berthollet^s  law 
ifl  true  and  the  action  is  exactly  proportional  to  the  mass,  the 
carve  being  due  to  foreign  influences,  or  the  law  of  the  action  of 
mass  is  a  function  of  a  higher  order,  and  Berthollet's  law  only  a 
ipecial  case  of  it,  where  the  higher  powers  are  neglected.  The 
luthor  inclines  to  the  former  view;  since  he  has  detected  one 
iQch  disturbing  cause  in  the  fact  that  considerably  more  of  the 
bismnthyl  chloride  remains  suspended  in  the  diluter  than  in  the 
more  concentrated  liquida — J,  pr.  Ch,^  II,  xii,  264,  Nov.,  1876. 

G.  p.  R 

5.  Jfi/rmatian  of  Alizarin  hy  Reduction  of  RufigaUic  Acid — 
WiDMAN  has  observed  that  when  rufigallic  acid  is  reduced  by 
sodium  amalgam,  a  violet  solution  is  obtained.  On  precipitating 
this  by  hydrochloric  acid  and  dissolving  the  precipitate  in  uotassa, 
barium  chloride  throws  down  a  second  precipitate,  which  when 
treated  with  HCl  leaves  a  residue.  This  dissolved  in  methyl  alcohol 
or  acetic  acid,  is  left  on  evaporation.  Heated  to  250°,  it  sublimes 
in  brilliant  orange-red  needles,  having  all  the  reactions  of  alizarin. 

Hence  rufigallic  acid  is  hexa-oxyanthraquinone  C|^H^  •<  /itq?  9 

ind  the  production  of  alizarin  in  the  vegetable  kingdom,  is  ex- 
plained.— BuU.  80c.  Ch.^  II,  xxiv,  359,  Nov.  1875.  g.  f.  b. 
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6.  On  the  SqxMraiion  of  Mixed  Zdquide.  —  Duculux  has 
made   a  careful  Btndy  of  the  conditions  under  which  a  homo- 

Seneous  mixture  of  two  liquids  will  separate  into  two  entirely 
istinct  layers,  and  has  arrived  at  some  very  curious  results. 
He  finds,  for  instance,  that  a  mixture  of  15  cubic  centimeters 
of  amyl  alcohol,  20  cubic  centimeters  of  ordinary  alcohol  and 
82*9  cubic  centimeters  of  water,  given  at  the  temperature  of  20^  C, 
a  molecularly  unstable  grouping,  so  that  the  least  diminution  of 
temperature  causes  it  to  separate  into  two  nearly  equal  layers: 
He  Htates  that  under  these  conditions  the  composition  of  the  two 
layers  is  invariably  the  same  whatever  the  coniposition  of  the 
initial  liquid,  the  layers  varying  only  in  amount.  The  same  fact  is 
also  true  of  three  as  of  two  liquids ;  though  in  this  case  the  third 
liquid  takes  no  part  in  the  separation,  and  remains  the  same  in 
each  of  the  two  layers  as  in  tne  original  liquid.  Hence  it  is  al- 
ways possible  to  start  with  a  given  Uquid  such  that  by  depres- 
sion or  the  temperature,  two  layers  of  the  same  volume  are  pro- 
duced. The  range  of  variation  of  temperature  necessary  to  effect 
this  separation  is  extremely  minute,  being  much  less  than  a  tenth  of 
one  degree  Centigrade!  Moreover,  the  introduction  of  mere 
traccH  of  certain  substances,  as  sodium  and  calcium  chlorides  and 
other  soluble  salts,  and  the  vapor  of  chloroform  produce  the  same 
effect  as  a  lowering  of  temperature.  So  also  a  drop  of  water  or 
one  of  amyl  alcohol  will  cause  the  separation.  Tne  author  has 
applied  this  phenomenon  to  the  construction  of  an  ingenious  mini- 
mum thermometer.  By  varying  the  amount  of  water  present  iu 
the  above  mixture  for  example,  the  temperature  at  which  separa- 
tion ensues  may  be  varied.  The  solutions  may  be  readily  pre- 
Eareil  by  taking  the  necessary  quantities  of  amyl  and  ethyl  alco- 
ol,  maintaining  them  at  the  exact  temperature  required  and 
addin^^  water  drop  by  drop,  until  a  slight  turbidity  appears, 
which  s)u)uld  dissolve  upon  the  slightest  heating.  The  mixture  is 
then  plaiHHl  in  a  tube  and  this  is  hermetically  sealed.  Ordinarily 
the  liquid  is  clear  but  it  becomes  turbid  as  soon  as  the  temperature 
fklls  Ih'Iow  that  at  which  it  was  prepared.  A  few  drops  of  cai^ 
mine  in  ammonia  makes  the  separation  more  distinct,  since  the 
lower  layer  only  is  colored.  If  ten  parts  of  ether  be  mixed  with 
six  of  ooiumerefal  methyl  alcohol,  and  water  be  carefully  added  as 
abi^ve^  a  liquid  will  be  obtained  acting  as  a  maximum  thermom- 
eter«  since  it  becomes  turbid  and  separates  when  the  temperature 
risi'M  alnne  that  at  which  it  was  made.  This  is  colored. with  a 
littlv  blue  ink.  Several  tubes  of  each  kind  would  evidently  be 
^xoetHlingly  useful  in  maintaining  a  given  temperature  constant 
f ^r  any  pufiHV!s*\  since  they  cimld  be  graduated  to  any  interval — 
i\  A\!  Ixxxu  81^^  Nov.,  15^75,  G.  F.  a 

T»  •Sf«i##o##<iry  Li^ui  Wttree.  Professor  Gitthkik  has  recently 
c\MiuuutueAte\l  to  the  Ix^ndon  l^ysical  Society  the  results  of  his 
ob«>t^rvati\viis  on  w^ive  motii^n.  If  water  in  a  cylindrical  vessel,  not 
Ws»  thiin  nitK^  iiH^he^  iu  diameter,  be  agitated  by  depressing  and 
t^Kcvatiuir  a  Aat  oirvularHlisk  on  its  snrfMe  at  the  center,  a  form  of 
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OAcillation  is  set  op  which  the  author  terms  binodaL  He  finds 
Uiat  these  fundamental  undulations  in  an  infinitely  deep  circular 
vessel  are  isochronous  with  those  of  a  pendulum  whose  length  is 
equal  to  the  radius  of  the  vessel,  and  that  the  pendulum  and  water 
keep  together  throughout  their  entire  paths.  This  was  shown 
experimentally  by  a  short  pendulum  with  a  heavy  adjustable  bob, 
having  a  card-board  sector  attached  to  its  upper  end.  A  silk 
thread  attached  to  the  edge  of  this  sector  carries  a  small  paraffin 
disk,  which  rests  at  the  center  of  the  surface  of  the  water  con- 
tained in  the  cylindrical  vessel.  The  length  of  the  pendulum  is 
altered  until  the  motion  of  the  disk  is  isochronous  with  that  of  the 
water.  Two  other  forms  of  motion  may  also  be  produced  by 
alternately  compressing  and  extending  opposite  diameters,  as  in  a 
bell,  and  by  rocking  the  vessel  £ach  has  its  own  period,  the  last 
being  the  slowest.  They  may  be  superposed  and  a  rotation  of  the 
water,  however  great,  does  not  interfere  with  their  formation. 

In  rectangular  troughs  binodal  and  mononodal  waves  may  be 
formed,  the  former  by  raising  and  lowering  a  wooden  lath  at  the 
middle  of  the  surface,  and  the  latter  bv  tilting  the  vessel  Ex- 
periments of  binodal  motion  show  that  tnev  are  isochronous  with 
a  pendulum  whose  length  is  2  divided  Dy  n  times  that  of  the 
trough.  The  principal  questions  still  to  be  considered  are:  (1) 
Why  are  the  motions  pendular  ?  (2)  How  is  it  that  in  circular 
binodal  motion  the  times  are  identical  with  that  of  a  pendulum 
of  given  length  ?  and  (3)  What  is  the  mathematical  connection 
between  the  individual  motion  of  each  particle  and  that  of  the 
mass? — Nature^  xiii,  99.  e.  c.  p. 

8.  Waves  in  Elastic  Tubes  ;  M.  Mabsy  has  studied  the  laws  of 
the  circulation  of  the  blood  by  a  mechanical  representation  in 
which  a  liquid  wave  is  made  to  traverse  an  elastic  tube.  The  changes 
in  the  shape  ot*  the  tube  are  measured  at  six  points  by  small  elastic 
reservoirs  connected  with  a  chronograph  so  that  the  form  of  the 
wave  and  its  time  of  transit  past  each  point,  are  represented  graph- 
ically. The  wave  is  generated  by  forcing  water  by  a  pump  into 
the  tube.  Positive  waves  are  thus  formed  which  follow  the 
general  laws  of  undulatory  motion.  Tlie  velocity  is  proportional 
to  the  elasticity  of  the  tube  and  inversely  as  the  density  of  the 
liquid.  It  diminishes  gradually  as  the  wave  progresses  and  in- 
creases with  the  rapidity  with  which  the  liquid  is  added.  With  a 
sudden  addition  of  liquid,  secondarv  waves  are  formed  of  con- 
tinually diminishing  amplitude.  When  the  tube  is  closed  or 
narrow  at  the  end,  reflected  waves  are  formed.  If  the  walls  of  the 
tul)e  are  not  very  extensible,  harmonic  vibrations  are  formed 
superposed  on  the  primary  waves.  In  branching  tubes  a  very 
complicated  combination  of  waves  is  formed  passing  from  tube  to 
tube.  But  in  the  case  of  the  blood  the  aorta  does  not  permit  the 
waves  to  pass  from  one  artery  to  another.  Its  own  waves  are 
transmitted  to  the  arteries  where  they  are  gradually  lost,  but  like 
an  elastic  reservoir  it  absorbs  and  extinguishes  the  reflected 
waves. — Joum.  de  Phya,^  iv,  26.  b.  c.  p. 

Am,  Joub.  8ci.— Third  Seribs,  Vol.  XI,  No.  62.— Feb.,  1876. 
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9.  TSransparency  of  Flame  and  of  the  Air. — M.  R  Alulrd  has 
presented  to  the  French  Academy  several  memoirs  on  the  absorp- 
tion of  the  light  of  lighthouse  lamps.  The  first  memoir  i-elates  to 
the  transparency  of  name.  From  one  to  six  concentric  wicks  are 
used  in  lighthouse  lamps,  having  a  diameter  of  from  S  to  13 
cms.  A  comparison  of  the  luminous  intensity  of  the  flames  shows 
that  the  brightness  increases  a  little  less  rapidly  than  the  con- 
sumption of  the  oil ;  comparing  the  intensity  with  the  dimensions 
of  the  flame,  it  appears  that  the  brightness  per  square  centimeter 
increases,  but  that  per  cubic  centimeter  diminishes  with  the  size 
of  the  flame.  This  difference  may  be  accounted  for  by  assuming 
that  the  flame  is  not  perfei'tlv  transparent.  Three  methods  were 
adopted  for  measuring  the  absorption,  by  comparing  the  light  of 
the  edge  and  side  of  a  flat  flame,  by  reflecting  the  light  a  second 
time  through  the  flame  by  a  mirror,  and  by  viewing  the  electric 
light  through  a  large  flame.  The  results  lead  to  the  coeflicient  of 
•80  for  the  absorption  per  centimeter  in  thickness. 

After  having  established  the  theoretical  formulas  which  give 
the  effective  brightness  of  the  flame  as  a  function  of  its  volume 
and  coeflicient  oi  absorption,  it  appears  that  to  satisfy  the  obser- 
vations we  must  assume  that  the  specific  brightness  increases  a 
little  with  the  diameter.  Multiplying  then  the  8]>ecific  brightness 
by  the  volume,  it  appears  that  the  total  quantity  of  light  increases 
much  more  rapidly  than  the  weight  of  oil  burned ;  but  as  the 
quantity  of  light  absorbed  increases  still  more  rapidly,  the  light 
increases  a  little  less  rapidly  than  the  oil  consumed,  as  experiment 
shows. 

The  second  memoir  relates  to  the  nocturnal  transparency  of  the 
atmosphere.  Observations  are  made  three  times  every  night  by 
the  lighthouse-keepers,  as  to  which  of  the  adjacent  light*  are 
visible.  Combining  the  results  for  several  years  gives  the  per- 
centage of  nights  on  which  each  light  is  seen.  The  equation  of 
the  range  of  visibility  and  a  graphical  construction  serve  to  show 
for  each  light  in  all  cases  what  degree  of  transparency  of  the  air 
is  needed  to  render  the  light  visible.  A  curve  may  then  be  con- 
structed with  the  transparency  of  the  air  and  the  visibility  of  the 
lights  as  coordinates.  From  this  it  appears  that  during  naif  the 
year  the  coefficient  of  transparency  per  kilometer  exceeds  '91  in 
the  Atlantic  and  '982  in  the  Mediterranean.  Similar  curves  give 
the  transparency  at  different  points  along  the  coast,  and  during 
the  four  seasons. 

The  third  memoir  treats  of  the  apparent  brightness  of  a  light 
caused  by  revolving  the  system  of  lenses  employed  with  greater 
or  less  rapidity.  With  a  certain  velocity,  a  flickering  effect  is 
produced,  but  with  an  increased  speed  the  light  becomes  steady 
with  an  intensity  one  or  two  tenths  less  than  would  V>e  obtained 
by  distributing  the  light  uniformly  around  the  horizon. —  Comptes 
Aeiidus^  Ixxxi,  1096.  e.  c.  p. 

10.  M/ieric  Force  of  Eduo7i,—Vro^.  E.  J.  Houston,  in  an  arti- 
cle in  the  January  number  of  the  Journal  of  the  Franklin  Institute, 
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concladeB  from  his  ezperiments — as  many  physioiats  may  have 
eoDcloded  firom  the  published  acooant  of  the  supposed  new  force — 
**  that  all  the  phenomena  noticed  by  Mr.  Edison  are  expLunable 
by  the  presence  of  inyerse  electrical  currents  of  considerable 

3uantity,  but  comparatively  small  intensity,  instantaneously  pro- 
uced  at  the  making  or  breaking  of  the  battery  circuit." 

U.  Gbology  and  Mineralogy. 

1.  U*  &  €f€olo(iieal  €md  Oeogrtgi^hiccU  Survey  of  t^ 
F.  Y.  Hatdkn  in  charge.  Department  of  the  Interior.  BuOeUn 
No.  6,  Second  mriee,  WasDington,  Jan.  6,  1876. — ^This  new 
Bulletin  contains  the  following  important  papers :  A  review  of 
the  fossil  flora  of  North  America,  by  L.  Lksqusbbux;  New  fossil 
plants  of  the  Lignitic  formations,  and  from  the  Dakota  group  ci 
the  Cretaceous,  by  L.  Lssquebeux  ;  Notes  on  the  Lignitic  group  of 
Eastern  Colorado  and  Wyoming,  by  F.  V,  Hayden;  Geology  of 
localities  near  CafLon  city,  by  £  GL  Wiluamb;  On  Zapus  ^ud- 
ioniuSj  and  on  the  bree<ung  nabits,  nest  and  eggs  of  Lagopue  leu* 
cftrus  (the  white-tailed  Ptarmigan),  by  Dr.  Ellxott  Coubs.  U. 
S.  A. ;  list  of  Hemiptera  of  the  region  west  of  the  Mississippi, 
including  those  collected  during  the  explorations  of  1878,  by  i*. 
R.  Uhleb;  On  the  supposed  ancient  outlet  of  Great  Salt  Lake, 
by  A.  S.  Packabd,  Jr. 

The  question  as  to  the  age  of  the  Lignitic  beds  is  here  dis- 
cussed anew  by  Prof.  Lesquereux  with  the  presentation  of  some 
additional  facts.  His  conclusions  remain  unchanged.  They  are 
as  follows. — Above  the  Lower  Cretaceous  beds  or  those  of  the 
Dakota  group,  in  the  Rocky  Mountain  region,  the  first  fossil 
plants  met  with  are  the-  species  of  the  Lignitic  formation.  This 
formation  is  divided  into  (1)  the  Lower  Lignitic^  marked  by  the 

f presence  of  a  profusion  of  Palms,  especially  species  of  Sabal 
showing  a  warm,  moist  climate,  like  that  of  Florida,  while  the 
Cretaceous  plants  of  the  Dakota  group  indicate  one  like  the 
present  of  Ohio)  along  with  species  oiFicuSy  Cinnamomum^  Mag- 
nolia^  Myrica^  Quercus^  PUUanus^  Diospyros,  Mamnua^  Vibur- 
num^ etc.  (and  as  yet  no  Acer),  and  referable  to  the  £Iocene;  (2) 
the  Evanston  group,  "  considered  Upper  Eocene  or  Lower  Mio- 
cene ;^'*  (3)  the  Caroon  Group  (more  to  the  esBtward,  about  long. 
100i°  W.)  "or  Middle  Miocene,^'^  above  which  comes  (4)  the 
Green  River  Group,  or  Upper  Miocene.  The  flora  of  No.  2  in- 
cludes thus  far  90  species,  of  which  a  third  arc  known  from  No.  1 : 
fruits  have  been  found  that  have  been  referred  to  the  Palms,  but 
no  leaves ;  there  are  also  in  it  dentate  and  serrate  leaves  of  Salix^ 
Betnla^  Alnus  and  Acer.  The  flora  of  the  Carbon  Group  is 
"positively  Miocene;"  18  species,  or  nearly  a  third  of  all,  are 
identical  with  European  Miocene  plants,  and  13  with  Arctic  Mio- 
cene, while  a  few  occur  also  in  the  Lower  Lienitic  (No.  1.) 

Among  23  species  from  the  Point  of  Rocks,  referred  to  No.  1, 
or  the  Lower  Lignitic,  two  occur  also  in  beds  to  the  north  of  the 
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United  States  boundary,  called  Tertiary  by  O.  M.  Dawson,  seven 
are  identical  with,  and  five  related  to,  species  of  the  Lower  Mio- 
cene of  Europe,  two  occur  in  the  Arctic  Miocene,  three  are  found 
also  at  Golden,  eight  at  Black  Butte,  and  two  have  some  analogy 
with  Cretaceous  types. 

Hayden,  in  his  remarks  on  the  Lignitic  beds,  observes  that 
there  are  lignitic  or  coal  beds  in  both  the  Cretaceous  and  Tei^ 
tiary  formations  of  the  Rocky  Mountain  region;  but  that,  so  far 
as  Eastern  Colorado  is  concerned,  from  Raton  Hills  to  Cheyenne, 
the  lignitic  beds  are  not  associated  with  marine  deposits,  but 
those  of  brackish  water  or  freshwater  orirai,  and  that  these  are 
not  Cretaceous,  but  of  Eocene  age,  the  evidence  from  the  plants 
pointing,  according  to  Lesquereux,  to  this  conclusion*  He  further 
states  that  in  Southern  and  Southwestern  Colorado,  as  shown  by 
Mr.  Holmes  and  Dr.  Endlich  of  the  expedition,  and  also  other 
authorities,  heavy  beds  of  coal  occur  all  through  the  Cretaceous. 
Hence,  taking,  he  says,  the  whole  Rocky  Mountain  region  into 
view,  there  is  a  Lower  lAgnitic  group  which  is  marine  and  Ore- 
taceoiis:  above  this,  the  Middle  Lignitic^  brackish  water  in  origin, 
which  18  Lower  Tertiary  or  transitional;  and  next  the  Upper 
Lignitic^  freehwater  in  origin,  which  is  unquestionably  Tertiary, 
The  coal  deposits  of  Carbon  are  included  in  the  third  of  these 
divisions,  and  those  of  Bear  River  and  Coalville  in  the  first.  Dr. 
Hayden  observes  that  Dinosaurian  remains  occur  even  in  the 
freshwater  or  upper  division,  as  noticed  by  Cope  and  Marsh ;  but 
that  the  species  are  not  identical  with  any  known  Cretaceous 
species.  The  Green  River  beds  overlie  the  Lignitic  beds  uncon- 
formably. 

The  difference  between  Prof.  Lesquereux's  view  and  those  of 
Dr.  Hayden  appears  to  be  this :  Lesquereux  makes  the  Eocene  to 
include  the  Bear  River  and  Coalville  beds,  and  all  the  older  Lig- 
netic  beds  the  fossil  plants  of  which  he  has  examined  (including 
those  even  of  Vancouver  Island,  where  Ammonites  and  Baculites 
occur  in  beds  overlying  the  coal) ;  while  Dr.  Hayden  admits  that 
there  is  a  series  of  Cretaceous  coal  beds,  that  the  Bear  River  and 
Coalville  deposits  are  included  in  it,  and  that  these  Cretaceous 
strata  are  distinguiflhed  by  being  mainly  marine  and  containing 
Cretaceous  fossils. 

Between  the  views  of  Pro£  Lesquereux  and  those  of  the 
zoological  paleontologists  the  divergence  is  great.  For  while 
he  makes   the  Green  River  beds   (containing  remains  of  fossil 

Slants  and  fishes)  "  Upper  Miocene,''  and  the  Carbon  beds  "  Mid- 
le  Miocene,"  Leidy,  Cope,  and  Marsh  hold  that  even  higher 
strata,  namely,  those  overlying  the  Green  River  beds  conformably 
(having  an  estimated  thickness  of  five  or  six  thousand  feet)  and 
which  contain  the  oldest  Mammalian  remains  of  that  part  of  the 
continent,  are  Eocene  ;  and  that  the  underlying  Green  River  beds 
are  Lower  Eocene ;  and  further  that  all  the  Liginitic  beds,  that 
are  older  than  the  Green  River  beds,  are  Cre^aceoue^  since  they 
contain  Dinosaurian  remains,  and  some  of  them  other  Cretaceous 
fossUs. 
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Thus  widely  the  best  authorities  differ ;  partly  because  European 
tests  of  geological  age  are  not  always  good  for  use  in  America, 
and  partly,  also,  from  deficient  American  testimony.  We  are  dis- 
posed, with  the  present  light,  to  argue  the  case  as  follows : 

First,  It  is  highly  improbable  that  the  type  of  Dinosaurs  should 
have  been  represented  all  through  the  Eocene  and  into  the 
Miocene — as  must  be  true  if  Lesquereux's  conclusions  are  right. 

Secondly,  Mammalian  fossils  are  a  far  safer  criterion  of  geolog- 
ical age  than  fossil  plants — since  the  changes  in  the  species  of 
mammals  through  the  successive  eras  of  the  Tertiary  are  vastly 
greater  than  in  those  of  plants ;  and  as  the  mammals  of  the  beds 
next  above  the  Green  River  beds  are  strongly  Eocene  in  their 
characteristics — as  attested  to  by  Leidv,  Marsh  and  Cope — it  is 
exceedingly  improbable  that  the  beds  atfording  the  fossil  mammals 
should  be  tipper  Miocene,  or  Miocene  at  all. 

Thirdly,  it  the  beds  containing  these  mammalian  remains,  to- 
gether with  the  underlying  Green  River  beds,  are  Eocene^  then 
the  Evanston  beds,  and  the  Carbon  beds  also  if  older  than  the 
Green  River,  are  either  earlier  Eocene  or  Cretaceous.  It  follows 
^]so^  fourthly^  that  the  '* Miocene"  features  of  the  plants  of  the 
Liginitic  beds  are  not  due  to  the  plants  being  of  Miocene  age ;  and 
hence^  fifthly^  that  the  diversities  in  the  cotemporaneous  Tertiary 
flora  of  Europe  and  North  America  are  so  great  that  little  use  can 
be  made  of  the  facts  from  one  continent  for  fixing  the  chronology 
of  beds  in  the  other. 

It  is  probable,  that  part  of  the  diversity  in  vegetation  of  differ- 
ent localities  was  owing  to  local  phvsical  conditions,  and  to 
migrations  consequent  on  changes  of  climate  with  the  progress  of 
time  during  the  Lignitic  era;  and  that  much  of  the  diversity 
between  America  and  Kurope  was  due,  as  suggested  by  Les- 
quereux,  to  many  of  the  Miocene  plants  of  Europe  having  previ- 
ously existed  as  Eocene  or  Cretaceous  plants  in  America. 

If  the  fossil  plants  are  an  uncertain  test  of  geological  age,  so  may 
it  be  also,  to  some  extent,  with  the  fossils  animals,  when  charac- 
teristic species  are  sparingly  present.  Even  the  existence  of 
Dinosanrian  remains  in  the  later  l.ignitic,  and  of  Inocerami  where 
Ammonites  and  Baculites  are  absent,  may  not  prove  absolutely 
that  the  beds  containing  them  are  Cretaceous  rather  than  Lower 
Eocene,  since  some  animals  species  may  have  survived  the  changes 
separating  the  two  eras,  as  has  happened  in  the  case  of  other 
successive  eras. 

In  the  paper,  on  the  former  outlet  of  Great  Salt  Lake^  Dr. 
Packard  points  out  that  General  Connor  has  found,  by  his  railroad 
surveys,  that  the  lowest  part  of  the  including  rim  of  hills  is  at 
Skull  Valley,  west  of  the  lake,  and  that  the  height  there  is  "  some- 
what over  100  feet  above  the  present  level  of  the  lake."  He  adds 
that  the  river-bed  has  been  traced  southward  over  100  miles  to 
the  Sevier  Lake  Valley,  passing  west  of  Sevier  Lake.  It  is  prob- 
able, further,  that  the  river  joined  the  Colorado  near  the  confluence 
of  the  Muddy  River  and  Rio  Virgen;  but  it  may  have  had  an 
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indepeDdent  outlet  into  the  Dry- Lake  Basin  Dorth  of  east  of  San 
Diego,  a  region  seventy  feet  below  the  present  sea-level.  Dr. 
Packard  hence  concludes  that  the  lake  was  once  fresh,  and  that  it 
has  become  salt  by  evaporation  and  contributions  from  salt  springs 
and  the  soil.  j.  d.  d. 

2.  Drift  formation  and  Gold  in  Missouri ;  by  6.  C.  Bboad- 
HKAD. — The  drift  of  Missouri  is  confined  to  the  part  of  the  State 
north  of  the  Missouri.  The  upper  beds  are  chiefly  sand  with 
some  small  pebbles  and  a  little  clay;  lower  down  are  large 
bowlders,  and  at  base  are  blue  clays.  In  Sullivan  Co.,  and  the 
western  part  of  Adair  the  depth  is  60  to  60  feet ;  in  Davies  Co., 
40  to  80  feet;  in  northeastern  Adair,  over  100  feet;  in  Knox, 
200  feet ;  in  Putnam,  over  70.  In  Illinois,  in  Moultrie  Co.,  the 
depth  is  over  200  feet,  as  shown  hj  wells,  and  in  Decatur  Co., 
over  90  feet.  Gold  has  been  found  m  Missouri,  in  Chariton,  Linn, 
Adair,  Putnam,  Sullivan  and  Mercer  Counties.  It  is  in  very 
small  grains,  the  largest  particles,  from  Adair  Co.,  are  not  larger 
than  a  grain  of  wheat. — Mines^  Metals  and  Arts,  St.  Louis,  Dec.  9. 

3.  (flacial  strim  north  of  luoke  Ontario,  in  the  Ontario  dis- 
trict. Western  Canada. — Prof  Chapmax,  in  a  paper  on  the  Geol- 
ogy of  Ontario  (Canadian  Journ.,  xiv,  580,  Dec,  1875)  states  that 
the  limestone  strata  beneath  the  glacial  and  post-glacial  deposits 
(which  cover  a  lartre  part  of  the  Lake  Ontario  district)  are  found 
to  be  generally  striated,  and  that  the  strisB  run  commonly  in  a 
southwest  direction.  The  direction  proves  that  the  slope  of  the 
upper  surface  of  the  glacier  in  that  region  was  from  the  northeast 
to  the  southwest ;  or  that  the  greatest  height  of  the  ice  surface  lay 
somewhere  to  the  northeast  of  that  district. 

4.  New  Fticoid  from  the  Water-lime  Group  {Lmcer  Helderherg) 
of  Western  New  York.  -  Messrs.  A.  R.  Grote  and  W.  H.  Pm 
have  described  a  species  of  Buthotrephis,  from  the  Water-lime, 
which  they  call  B.  ijcsquereuxi.  The  stem,  originally  cylindrical, 
branc^hes  from  the  base ;  and  the  branches  are  simple  or  sparingly 
dichotomous,  smooth,  13  to  14  cm.  long,  3  to  4  mm.  thick,  but 
gradually  widening  to  nearly  1  cm.  at  the  obtuse  or  round-trun- 
cate point. — Bull.  Buffalo  Soc.  Nat,  JSci.,  1876  (January),  p.  88. 

5.  Petrifaction.  — CuKyRHUL,^  in  a  paper  before  the  French 
Academy,  sustains  the  view  that  the  petrifaction  of  an  organic 
substance,  as  wood,  comprises  two  epochs :  the  first  is  that  of  the 
filling  of  all  the  interstices  and  pores  of  the  solid  body  by  a  solu- 
tion of  the  mineral  material  through  capillary  action,  to  fix  it 
chemically  by  affinity  upon  the  solid  portion — producing  a  petri- 
faction which  has  the  figure  of  the  interstices  and  pores  ;  and  the 
second  includes  the  time  of  the  total  disappearance  of  the  organic 
matter  itself  and  its  replacement  by  the  mineral  material,  the  re- 
sult of  this  action  having  the  actual  form  of  the  organic  matter. 

Daubr^e,  after  the  reading  of  M.  Chevreul's  paper,  mentioned 
facts  from  the  hot  baths  of  Bourbonne-les-Bains  confirming  his 
conclusions.  He  stated  that  wood  occurs  in  the  waters  in  all 
states  of  change  by  the  petrifying  agent,  carbonate  of  lime.     In 
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one  specimen  a  portion  was  nearly  07  per  cent  carbonate  of  lime, 
all  the  organic  tissues  but  3'1  p.  c.  having  disappeared;  while  in 
another  portion,  less  changed,  only  the  interstices  and  cellules  were 
filled  by  the  carbonate  of  lime.  In  one  specimen  the  wood  nearest 
the  bark  and  the  bark  contained  no  carbonate  of  lime,  as  was 
easily  proved  by  an  acid. 

6-  Green  Mountains. — On  page  498  of  the  last  volume  of  this 
Journal  (Supplementary  December  nimiber),  a  note  is  inserted  cor- 
recting the  Dlunders  which  have  long  circulated  in  Geographies, 
Gazetteers,  Encyclopedias,  and  New  England  Guide-books,  as  to 
the  Green  and  White  Mountains  terminating  in  trap  lidges — 
called  West  and  East  Rocks — in  the  vicinity  of  New  Haven  ;  the 
fact  being  that  East  Rock  b  but  a  short  appendage  (half  a  mile 
long)  to  the  system  of  trap  dikes  of  the  Connecticut  valley,  and 
West  Rock,  a  southern  portion  of  the  same  system.  Prof  O.  P. 
Hubbard  has  informed  the  writer  that  this  extraordinary  error  in 
New  England  Geography  has  the  following  forms  in  "  The  Im- 
perial Gazetteer  "  published  by  Blackie  &  Son  at  Glasgow,  Edin- 
Durgh  and  London,  in  1865.  Under  New  Haven,  "Surrounded  on 
three  sides  by  spurs  of  the  Green  Mountains."  Under  Green 
Mountains,  ''  A  mountain  range  commencing  near  New  Haven, 
Oonnecticut."  Under  Connecticut,  "Some  of  its  mountains, 
particularly  the  Green  Mountain  range,"  etc. 

The  Green  Mountains  consist  of  metamorphic  rocks  and  are  not 
younger  than  Silurian.  They  have  their  greatest  height  in  Ver- 
mont, and  there  received  the  name.  The  mountain  system  extends 
Bouth  through  western  Massachusetts  and  western  Connecticut,  and 
the  whole  is  rightly  called  the  Green  Mountain  chain.  But  the 
trap  ridges  of  the  Connecticut  valley,  belong  to  the  valley,  and 
are  of  Jurassic  origin.  j.  d.  d. 

7.  Geology  of  New  Caledonia. — The  formations  of  New  Cale- 
donia, below  the  Quartemary,  according  to  M.  Garaier,  include 
the  Lower  Neocomian  (Lower  Cretaceous) ;  Upper  Lias  (contain- 
ing Nucxda  Hammeri) ;  Lower  Lias  (containing  Ostrea  suhlamel- 
losa^  <fec.);  Upper  Trias  (containing  HaJ>ohia  Loinelli)\  Lower 
Trias  (with  Avicula  Richmondiana) ;  Upper  Devonian  and  Up- 
per Silurian ;  besides  also  crystallized  rocks.  Among  the  last 
mentioned  are  mica  schist  and  argillaceous  slate  with  quartz 
veins,  some  of  them  auriferous,  amphibolite,  talcose  slate  and 
serpentine,  with  crystalline  limestone.  At  Ko6  and  Karigou  the 
coal  is  anthracitic,  partly  graphitic ;  and  at  the  latter  place  it  is 
said  to  have  been  rendered  anthracitic  by  a  dike  of  euryte  por- 
phyry. To  the  northwest  of  Mont  d'Or  it  is  bituminous,  but 
impure. 

The  serpentine  or  magnesian  rocks  cover  a  large  part  of  the 
iifland.  The  serpentine  contains  bronzite  or  diallage,  chromic 
iron,  magnetite,  "  hydrosilicate  of  magnesia,"  and  is  traversed  by 
"  veins"  of  chrysolite.  It  passes  into  white  argillaceous  [probably 
hydro-mica]  schists,  and  these  are  intimately  associated  with  the 
serpentinous  schists  [facts  which  prove  that  the  serpentine  is  not, 
as  Garnier  states,  igneous,  but,  like  most  serpentine  rocks,  meta- 
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morphic].  Chromic  iron  is  abandant  on  Mont  d'Or ;  an  analysis 
of  it  afforded 

Fe3400,  Sr  61-33,  Xl  Oil,  ftgO'Ol,  Si  4-63= 100-08. 

Ores  of  nickel  occur  in  the  serpentine,  and  are  of  workable  value. 
The  only  ore  mentioned  is  a  greenish  pimelite-Uke  silicate,  a  vari- 
ety of  which  has  been  named  gamiertte, 

M.  Gamier,  who  is  in  charge  of  the  New  Caledonia  mines  under 
the  French  Government,  has  published  on  the  Geology  of  New 
Caledonia  in  the  BtUletin  of  the  Oeological  Society  of  Prance^  11, 
xxiv,  488,  1866,  and  in  the  Amtales  des  MineSy  Vi,  xii,  1867; 
and  later  communications  have  appeared  in  the  Moniteur  de  la 
JVbuvelle  Calidonie. — Abstract  of  part  of  Address  of  Mev,  W. 
B,  (Jlarke  before  the  Moyal  Society  of  New  South  Wales^  at  the 
Anniversary  meeting  in  May^  1875. 

8.  Achrematitey  a  new  mineral;  by  PVof.  J.  W.  Maixst. — 
This  mineral  is  in  general  compact,  with  indistinct  crystalline 
structure;  an  examination  in  polarised  light  suggested  that  it 
might  belong  to  either  the  hexagonal  or  tetragonal  systems. 
Color,  a  sort  of  liver-brown,  though  under  the  microscope  the 
pure  grains  appear  pale  sulphui^yellow.  Streak,  pale  cinnamon- 
brown.  Luster,  between  resinous  and  adamantine.  Translucent 
on  thin  edges,  in  minute  grains  nearlv  transparent.  G.=  5*965  on 
a  solid  fragment,  but  =6*178  with  a  fine  powder.  H.=  d-4. 
Fracture  uneven ;  brittle.  A  mean  of  three  analyses  gave,  after 
deducting  impurities, 

4)  As20»,  18*26,  MoO»,  5-01,  CI  2-15,  Pb  6-28,  Pb068*81=r  100-00, 

which  makes  acbrematite  a  molybdo-arsenate  of  lead.  Several 
reasons  are  given  for  the  conclusion  reached  that  the  arsenate  and 
molybdate  of  lead  are  in  chemical  combination,  and  not  mechan- 
ically mixed.  The  name  is  derived  from  df^p;;//aro?,  in  allusion 
to  tne  fact  that  it  contains  no  silver  as  was  alleged.  Locality, 
the  mine  of  Guanacer6,  State  of  Chihuahua,  Mexico. — JI  Chem, 
Soc.^  II,  xiii,  1141,  Nov.,  1875.  E.  s.  D. 

9.  SchraufitCy  a  new  fossil  resin  from  Bukowina  described  by 
V.  Schr5ckennger.  It  occurs  in  rounded  masses  imbedded  in  a 
bed  of  slatey  sandstone.  Its  hardness  is  2-2*8 ;  specific  gravity 
1-1*2  ;  fracture  conchoidal ;  color  hyacinth-red.  It  is  decomposed 
with  the  evolution  of  gas  at  a  temperature  of  326°  C.  Its  compo- 
sition, according  to  Dietrich  is  C*>H>®0*.  It  is  named  after 
Professor  Schrauf  of  Vienna. —  Verh.  Q.  JReichs.,  May,  1875, 
p.  134.  K.  s.  D. 

10.  Identity  of  Seebachite  with  Phacolite  ;  v.  Rath. — The 
zeolite  from  Kichmond,  Victoria,  described  by  Ulrich  and  later 
made  identical  with  herschelite  by  von  Lang,  was  made  a  new 
species  by  Bauer,  under  the  name  of  seebachite  (Dana's  Min.,  Ap- 
pendix II,  p.  60).  A  recent  examination  of  the  mineral,  upon  some 
good  crvstals,  by  vom  Rath,  has  proved  that  the  mineral  called 
seebachite  is  not  orthorhombic,  as  claimed  by  von  Lang,  but 
rhombohedral,  and  that  it  is  really  indentical  with  phacolite,  a 
variety  of  chabazite. — Beir.  Ak.^  Berliuy  1876,  623.  e.  s.  d. 
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11.  A  new  species  of  Daimania  from  Peri  Jervis^  New  York, — 
Dr.  S.  T.  Barrett,  of  Port  Jervis,  has  recently  described  a  new 
specieB  of  Daimania  from  the  Lower  Helderberg  of  that  vicinity, 
and  named  it  Z>.  dentata.  A  description  by  him,  accompanied 
with  a  plate,  will  appear  in  the  next  number  of  this  JoornaL 

J.  D.  D. 

nL  Botany  and  Zoology. 

1.  Naudin  on  the  Nature  of  Heredity  and  Variability  in 
Plants, — Why  is  it  the  nature  and  essence  of  species  to  breed  true, 
and  why  do  species  sometimes  vary  ?  In  other  words,  why  is 
offspring  like  pai*ent,  and  when  unlike  in  certain  particulars,  what 
is  the  cause  and  origin  of  the  difference  ?  We  commonly  and 
properly  enough  t>ake  these  two  associated  yet  opposed  facts  as 
first  principles.  But  it  is  equally  proper  and  legitimate  to  enquire 
after  the  cause  of  them. 

M.  Naudin,  a  good  many  years  ago,  took  up  the  study  of  hybrid 
plants,  and  followed  up,  for  a  series  of  generations,  the  course  of 
life  of  certain  self-fertile  ones,  notably  of  Datura,  We  gave  at 
the  time  an  abstract  of  his  observations  of  the  manner  in  which 
the  characters  of  two  closely  related  common  species,  Z>.  Stramo- 
nium  and  D.  Tattda^  were  mixed,  and  in  which  the  characters  of 
the  two  began  to  separate  in  the  close-bred  progeny  of  the  next 
generation,  ending  in  a  complete  division  of  the  amalgamated  forms 
into  those  of  the  two  constituent  species  after  a  few  generations. 

The  Comptea  Bendus  of  Sept.  27th  and  Oct.  4th,  1875,  contain 
an  abstract  of  a  paper  communicated  by  M.  Naudin  to  the  French 
Acad6mie  des  Sciences,  of  which  the  text  was  suggested  by  a 
hybrid  between  the  wild  Lactuca  virosa  and  a  variety  of  i. 
9'itiva^  the  common  Lettuce.  The  hybrid  was  an  accidental  one: 
its  seeds  were  fully  fertile ;  a  great  number  of  young  plants  were 
raised  from  them,  of  which  twenty  were  preserved  for  full  devel- 
opment and  study.  Like  other  hybrids  the  original  showed  no 
character  which  was  not  evidently  derived  from  the  two  parents ; 
and,  fertilized  by  its  own  pollen,  the  offspring  all  agreed  in  this  re- 
spect, although  they  varied  exceedingly  among  themselves  in  the 
division  of  the  parental  heritage,  no  two  being  quite  alike.  This 
exceeding  vacillation  between  the  two  parental  forms  but  not  over- 
passing the  limits  on  either  hand, — which  Naudin  finds  to  be  the 
common  characteristic  of  fertile  hybrids,  close-bred  —  he  names 
disordered  variation  (variation  dkaordoiniee).  His  explanation  is, 
that  the  hybrid  is  a  piece  of  living  mosaic,  that  two  specific 
natures  are  at  strife  in  it ;  in  the  progeny  each  endeavors  to  re- 
claim its  own,  like  seeks  like;  whence  in  the  course  of  a  very  few 
generations  (as  he  first  showed  in  Datura)^  a  segregation  takes 
place,  part  of  the  progeny  reverting  completely  to  one  ancestral 
type,  part  to  the  other.  What  Naudin  now  insists  upon  is  that 
out  of  all  this  disturbance  comes  nothing  new  ;  that  there  is  here  no 
variation  beyond  the  line  of  inheritance  ;  and  therefore  from  cross- 
ing no  possible  development  of  species. 
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To  this  proposition  we  accede,  so  far  as  respects  the  direct 
consequence  of  crossing.  To  fill  up  the  interval  more  or  less 
between  two  forms  or  species  with  intermediate  patterns  mny 
tend  to  the  fusion  or  confusion  of  the  two,  but  not  to  the  origina- 
tion of  new  forms  or  species.  Although  Naudin's  own  experiments 
lead  him  to  deny  all  tendency  to  variation  overpassing  these  limits, 
we  do  not  f<^rget  that  his  countryman,  the  late  M.  Vilmorin,— 
working  in  a  different  way  and  with  another  object, — arrive<l  at  a 
different  conclusion.  He  succeeded,  as  we  understand,  in  origin- 
ating floricultural  novelties  fr(»m  species  which  refused  to  vary 
per  se,  hv  making  a  cross, — not  to  infuse  the  character  of  the  male 
parent,  K)r  he  fertilized  the  pi-ogeny  with  the  pollen  of  the  female 
parent,  and  thus  early  bred  out  the  other  blood,  but  to  induce 
variation,  which,  once  mitiated  in  the  internal  disorder  consequent 
upon  the  crossing,  was  apt  to  proceed,  or  might  be  led  on  by  se- 
lection, to  great  lengths,  according  to  Vilmorin.  The  variations  in 
question,  being  mainly  such  as  are  sought  in  floriculture,  may  not 
have  passed  the  line  laid  down  by  Naudin,  or  actually  have  intro- 
duee(I  new^  features.  But  such  plants  would  surely  have  no  ex- 
emption from  the  ordinary  liability  to  variation.  If  other  plants 
vary,  in  the  sense  of  producing  something  new,  so  may  these. 

I'his  brings  us  to  another  inference  which  Naudin  draws.  Hav- 
ing observed  that  his  hybrids  in  their  manifold  variation  exhibited 
nothing  which  was  not  derivable  from  their  immediate  ancestry, 
he  directly  (and  in  our  opinion  too  confidently)  concludes  that  all 
variiition  is  atavism, — that  when  real  variations  are  set  up  in  ordi- 
nary spiHMos,  this  is  not  an  origination  but  a  reversion,  a  breaking 
out  of  some  old  ancestral  character,  a  particular  and  long  deferred 
instance  of  this  variation  disordonnie^  which  would  thus  appear 
to  be  the  only  kind  of  variation.  This  view  has  been  presented 
before^  but  not,  perhaps,  so  broadly.  Adducing  some  theoretical 
considerations  in  its  favor — to  which  we  may  revert — and  some 
sound  n'asons  against  the  ^new  that  variation  is  caused  by  external 
influences,  he  dei'lares  it  "  infinitely  more  probable  that  variation  of 
S}Hvies  prv>fKM*ly  so  called  is  due  to  ancestral  influences  rather  than 
to  aoi*idontal  actions.*"*  We  might  think  so  if  these  two  categories 
wen*  oxiiaustive,  and  external  conditions  must  be  supposed  to  act 
iiunuHiiately,  as  the  cause  rather  than  the  occasion  of  variation. 
But  the  suppi^ition  that  **  accidental  actions,'*  whatever  they  may 
bo,  and  external  influences  of  every  sort  do  not  produce  but  educe 
and  ivnduct  variation — which  is  our  idea  of  what  natural  selection 
means — avoids  the  foree  of  Naudiirs  arguments. 

Morwn'cr  Naudin^s  view,  n^gardeii  as  an  hypothesis  for  explain- 
ing variation,  K^ves  the  prv^blera  Just  where  it  finds  it.  To  ex- 
plain the  iwurreiuv  v^f  prvsent  and  aotual  variations,  hypothetical 
lUH^  like  th\vk*  of  a  former  time  are  assumed:  the  present  diversity 
implies  not  only  espial  but  the  very  same  anterior  diversity,  and  so 
uii  baokwanis^  Or  rather  it  demands  a  much  greater  diversity  at 
Ik^  vHitsfe^^t  than  now ;  for  these  aberrant  forms  are  the  rare  exception, 
MKt  if  due  to  atavism  they  imply  the  loissof  the  many  and  the  iuci- 
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dental  reappearanoe  of  the  few.  Else  they  would  be  the  mle  in- 
stead of  tne  exception,  and  atavism  would  be  simply  heredity. 
This  comes  to  the  view  which  Mr.  Agassiz  strongly  maintained, 
that  really  there  are  no  varieties,— meaning,  we  understand,  that  all 
the  forms  are  aboriginal,  except  the  transient  ones  evidently  due 
to  circumstances. 

That  some  variation  is  atavism  is  clear  enough.  This  is  the 
natural  explanation  of  the  appearance  of  characters  wanting  in 
the  immediate  parents  but  known  in  their  ancestors  or  presumed 
ancestors.  But  the  assumption  of  hypothetical  ancestors  to  ac- 
count for  variation  generally  is  quite  another  thing.  Besides  its 
inutility  as  an  explanation,  to  which  we  have  adverted,  its  improba- 
bility as  an  hypothesis  is  set  in  a  strong  light  by  Naudin's  own 
forcible  conception  of  the  nature  of  heredity.  What  is  heredity  ? 
he  asks.  In  other  words,  what  keeps  species  so  true,  offspring  like 
parent,  through  the  long  line  of  generations?  He  illustrates 
Hereditary  force  by  comparing  its  action  with  that  of  physical 
force,  in  which  the  movement  from  one  state  of  equilibrium  to 
another  is  always  that  in  which  there  is  least  resistance.  From 
which  it  follows  that  when  it  has  once  begun  to  proceed  in  a  cer- 
tain course,  its  tendency  to  continue  in  that  direction  increases,  be- 
cause it  facilitates  its  way  as  it  overcomes  obstacles.  In  other 
words  this  line  becomes  fixed  by  habit;  mres  acquirit  eundo ; 
the  stream  deepens  its  bed  by  flowing ;  and  the  more  remote  the 
commencement  of  a  certain  course,  the  more  fixed  its  direction, 
and  the  greater  its  power  of  overc-oming  opposition.  The  species 
is  kept  true  in  its  course  by  the  sura  of  the  heredities  which  press 
each  individual  forward  in  its  actual  direction.  So  that,  as 
Naudin  remarks,  if  we  could  calculate  the  enorgy  with  which 
millions  of  ancestors  tend  to  impel  the  living  rcpreseiitatives  of  the 
line  onward  in  the  same  direction,  we  should  better  apprehend  the 
persistence  of  species,  and  feel  the  great  improbability  that  the 
stream  will  ever  escape  from  its  ancient  and  well-worn  bed,  and 
strike  into  new  courses. 

Now,  in  the  first  place,  the  more  lively  the  conception  we  thus 
form  of  the  invariability  of  species,  through  a  happy  metaphorical 
illustration  of  it,  the  more  unlikely  does  it  appear  that  early  charac- 
ters, long  lost  in  the  flow,  should  re-af)pear  through  atavism  as 
varieties.  To  continue  the  simile,  the  more  impetuous  the  stream, 
the  less  the  possibility  of  its  turning  back  uj)on  itself,  and  resum- 
ing old  characteristics.  The  eddies  of  atavism  (the  resumption  of 
dropped  characters)  are  not  likely  to  extend  back  very  far;  and 
it  seems  gratuitous  to  have  recourse  to  them  in  explanation  of  new 
forms.  Moreover,  although  the  stream  has  made  its  bed  and  lies 
in  it,  not  escaping  from  its  own  valley,  it  is  flexible  enough  to  ob- 
stacles, is  ever  changing  its  particular  course  as  it  flows,  and  may 
by  its  own  action  send  off*  here  and  there  a  bayou  (variety)  or 
branch  into  a  delta  of  channels  (derivative  species). 

Like  Agassiz,  Naudin  conceives  of  specic^s  as  originating  with  a 
large  number  of  individuals  of  the  same  structure,  and  of  which 
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numerous  reoiprooal  orofi»es  have  determined  the  direction  of  the 
line  in  which  their  posterity  have  evolved.  But  he  mantains  that 
these  individuals,  and  all  existing  species,  had  a  common  origin 
in  a  ^'  proto-or^nism ;''  and  that  the  various  lines  of  descent 
acquired  fixity  mto  species  only  as  they  acquired  sexuality.  If 
we  rightly  apprehend  it,  Naudin^s  idea  of  the  purport  of  sexual 
reproduction  (as  contrasted  with  that  by  buds)  is,  to  give  fbdty  to 
species.  Our  idea  is  a  different  one,  both  as  to  the  essential  mean* 
ing  of  sexuality,  and  as  to  its  operation  in  respect  to  fixity.  His 
conception  may  be  tested  by  enquiring  which  are  the  more  varisr 
ble  or  sportive,  seedlings  or  plants  propagated  from  buds.  This 
we  suppose  can  be  answered  m  onlv  one  way. 

M.  >faudin  is  a  veteran  and  excellent  investigator ;  and  nothing 
which  he  writes  is  to  be  slighted.  We  have  frankly  set  down  our 
impressions  upon  a  first  perusal  of  his  important  communication ; 
but  are  ready  to  revise  them,  if  need  be,  upon  more  deliberate 
consideration.  a.  o. 

2.  Mrat  Forms  in  Vegeuaion ;  by  the  Rev.  Hugh  MACMiujkK, 
LL.D.,  F.R.S.E.     With  numerous  illustrations.     Second  edition, 
corrected  and  enlarged.     London :  Macmillan  &  Co.     1 874.     pp. 
438,  18mo. — The  first  edition  under  a  somewhat  different  title, 
WS6  published  in  1861.     In  the  present  volume  it  is  brought  up  to 
the  time,  and  we  suppose  much  amplified.     As  it  stands  it  forms 
an  excellent  popular  introduction,  of  the  readable  sort,  to  lower 
Cryptogamic  botany,   from    Mosses  (and  even  Club^mosses)  to 
Fungi     The  materials  of  its  chapters  were  first  used  for  popular 
lectures,  and  this  primary  form  and  use  gives  its  character  to  this 
re-written  and  now  extended  volume.     The  author  wished  to  re- 
cast it  in  a  systematic  mold,  but  was  deterred  not  only  by  the 
labor  required,  but  by  the  doubt  whether  it  were  worth  the  while. 
We  fancy  it  is  better  as  it  stands,  and  more  likely  to  fulfill  its  pur- 
pose, which  is  '^to  kindle  the  sympathy  and  awaken  the  interest 
of  the  reader  in  a  department  of  nature  with  which  few,  owing  to 
the  technical  phraseology  of  botanical  works,  are  familiar.''     The 
book  18  full  oi  information,  possibly  too  full  for  the  object  in  view, 
except  that  it  cannot  be  amiss  to  gratify  as  well  as  awaken  inter- 
est in  the  lower  forms  of  vegetation  by  referring  to  as  large  a 
number   as  is  practicable.     The  spirit  in  which  the  subject  is 
handled  is  indicated  by  the  motto :  ^'  Deus  magwus  in  magniij 
maximus  in  minimis;^   and  the  sermonizings,  being  apposite, 
we  have  no  right  to  intimate  that  they  are  too  many  and  too 
long.     There  are  good  indexes  of  scientific  and  of  popular  names. 
It  is  not  often  that  an  amateur-botanist  writes  a  book  of  this  kind 
which  is  more  free  from  serious  errors  or  misunderstandings.     But 
the  statement  that  the  antherozoids  of  mosses,  although  ^^  furnished 
with  cilia,  like  animalcules,"  yet  "  their  motion  is  simply  a  hygro- 
metical  action,  like  that  of  the  teeth  which  fringe  the  mouth  of  the 
capsule,''  must  be  one  which  unaccountably  escaped  revision,  even 
in  the  edition  of  1861.     So  also  the  suggestion  that  sexual  repro- 
duction may  be  gradually  dispensed  with  in  the  lower  plants  and 
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BUDJihy  which  it  in  fact  ooireoted  in  tbe  latter  part  of  the  volome. 
Q  referring  to  Pro£  Tackerman,  we  hope  it  may  be  long  before 
e  must  be  designated  as  *'tbe  laie  distingoished  American  lichen- 
kwist.**  The  *^  coniectnre"  which  *^  mat/  be  hasarded''  that  the 
ted  Sea  **  acquired  its  denomination  from  the  prevalence  of  this 
Bdalga  [  7Vic/iode$mium  erythroBum]  in  its  waters,''  wcu  hazarded 

LBbrenberKy  if  we  mistake  not,  at  the  time  of  its  disooven^. 
\  late  I>r.  M.  A.  Curtis,  oar  American  mjrcolc^st,  informed  IMfr, 
lerkeley,  wlb  we  remember,  that  he  and  his  neighbors  whom  he 
Mtnietedy  procured  no  sniall  supply  of  excellent  food  from  the 
dible  Fnn^i,  irhieh  grew  around  his  home,  in  the  center  of  North 
lirolina,  so  abundantly  that  he  opined  he  might  bave  supported 
reffiment  on  them.  This,  we  suppose,  is  the  whole  foundation 
ivr  Uie  extraordinary  statement  that,  '^  During  the  latter  part  of 
he  American  -war,  when  meat  was  scarce  and  dear,  fungi,  which 
(TOW  in  immense  profiirion  and  variety  in  America,  formed  the 
principal  food  of  tne  Southern  army."  a,  g. 

S.  JSeeda  thai  float  in  water  have  a  certain  interest  in  conneo- 
lon  with  questions  about  dissemination.  Many  ranked  as  such 
ire  fruits,  botanically  speaking,  with  spongy  or  cellular  pericarp, 
>r  with  some  air-space  oetween  the  pericarp  and  the  seed  itseu. 
Bat  there  are  a  considerable  number  of  true  seeds  with  specific 
kvity  less  than  that  of  water,  some  as  low  as  0*75.  Van 
jghem  (Ann.  8ci.  Nat,  ser.  6,  i,  883)  finds  that  this  is  due  to 
lirorent  causes.  More  commonly  the  seed  owes  its  lightness  to 
its  coats,  either  by  a  separation  in  drying  between  the  two,  or 
between  the  inner  and  the  kernel,  leaving  an  air-space,  or  by 
I  loose  cellular  structure  of  the  coat.  Sometimes,  as  m  castor-oil 
leeds,  the  integument  is  heavier  than  water,  but  tbe  kernel  is  so 
nuch  lighter  as  to  float  the  seed.  This  comes  fr^m  a  separation 
of  the  two  cotyledons  during  the  natural  desiccation,  leaving  a 
sonsiderable  cavitv  filled  with  air.  This  is  strikingly  the  case  in 
;he  large,  flat,  and  very  dense-coated  seeds  of  Mitctda  scandens^ 
nrhicb  are  well  known  to  have  been  wafted  across  the  Atlantic 
&om  tbe  West  Indies  to  Northern  £urope  and  left  in  a  condition 
fit  for  germination ;  while  in  those  of  Chiilandina  JBonduCy  which 
bave  been  known  to  accompany  the  former,  the  air  is  interposed 
between  the  embryo  and  the  bony  coat.  The  embryo  itself,  in  all 
mch  cases,  is  heavier  than  water.  But  to  this  rule  Van  Tieghem 
now  brings  to  light  a  few  exceptions,  and  these  in  leguminous 
leeds.  In  those  of  JErythrina  crista-gaUi^  the  specific  gravity  of 
the  whole  seed  is  0*01,  that  of  the  embryo  itself  0*87.  Those  of 
)ur  Apios  tuberosa  are  a  little  lighter,  of  our  Wistaria  fnUescens 
\  little  heavier  than  this,  but  still  lighter  than  water ;  and  various 
common  leguminous  seeds,  although  heavier  than  water,  are  much 
lighter  than  would  be  supposed.  This  proves  to  be  owing  to  a 
rery  loose  and  open  structure  of  the  parenchyma  of  the  inner  or 
upper  side  of  the  cotyledons  (that  which  answers  to  the  upper  face 
31  the  leaf),  leaving  abundant  intercellular  spaces  and  passages, 
filled  with  air,  which  renders  this  spongy  stratum  light  enough  in 
certain  cases  to  float  the  otherwise  neavy  seeds.  a«  g. 
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4.  Use  of  the  hygrometic  twisting  of  the  tail  to  the  carpels  of 
Erodium, — We  have  no  indigcnoas  or  common  Erodium  this  side 
of  Texas;  but  there  and  in  California  one  or  two  species  are  common. 
The  narrow  carpel  is  pointed  at  base ;  the  long  awn  or  style  in 
drying  bends  at  right  angles  with  the  carpel,  and  twists  in  many 
turns,  depending  on  the  amount  of  dryness,  and  untwists  in  a 
moister  air  or  wnen  wet.  We  had  wondered  that  no  one  seemed 
to  have  given  an  account  of  the  way  in  which  this  mechanism  acts 
so  as  to  bury  the  seed  in  the  ground.  Dispersed  by  the  wind  over 
the  loose  or  sandy  soil  which  these  species  prefer,  tne  seed-bearing 
end  being  the  heavier  lies  next  to  the  ground,  and  is  the  compara- 
tively fixed  point,  around  which  the  long  awn  makes  circular 
sweeps,  whether  in  twisting  or  untwisting.  This  gives  a  rotary 
movement  to  the  carpel,  fixes  the  sharp  end  in  the  soil,  and, 
whether  twisting  or  untwisting,  causes  it  to  bore  into  and  bury 
itself  in  the  ground.  It  is  the  same  with  the  grain  and  awn  of 
Stipa.  As  to  Erodium^  we  have  iust  found  that  this  is  described 
by  G.  Roux,  in  the  Annals  of  tne  Botanical  Society  of  Lyons, 
France.  He  adds  that,  when  in  this  way  thus  interred,  the  mois- 
ture of  the  soil  soon  destroys  the  epidermis  and  this  allows  the 
long  beak  to  detach  itself  at  its  articulation  with  the  style,  leaving  it 
planted  in  good  condition  quietly  to  germinate.  M.  Roux  enters 
into  detaib  about  the  effect  of  light,  heat,  chloroform,  etc.,  upon 
this  movement,  which  seem  to  us  superfluous  and  wide  of  the 
mark.  a.  g. 

6.  The  Lemurs  not  related  to  the  Monkeys, — In  the  genealogi- 
cal tables  of  Hseckel,  the  Lemurs  are  made  the  point  of  divergenc^e 
of  lines  leading  to  the  Insectivores  and  Carnivores  on  one  side 
and  to  the  Rodents  and  the  Monkeys  on  the  other.  MM.  Grandi- 
dier  and  Alph.  Milne  Edwards,  in  their  recent  work  on  the  Mam- 
mals of  Madagascar,  show  that  the  Lemurs  have  striking  peculiari- 
ties in  the  conformation  of  the  allantois  and  placenta,  and  not  the 
close  relation  to  the  monkeys  generally  supposed.  By  injecting 
the  ca})illary  vessels  of  the  placenta  and  uterus  they  have  studied 
the  vascular  relations  of  the  fetus  with  the  mother,  and  established 
thus  profound  differences  between  the  two  types,  which  begin  even 
in  their  intro-uterine  life. — Ij  Institute  Dec.  29. 

6.  Eauna  of  the  Greenland  Seas, — The  Fauna  of  the  Greenland 
Seas,  according  to  results  obtained  by  the  "Valorous"  (on  its 
return  from  Disco),  agrees  with  its  land  flora  in  being  mainly 
Norwegian,  there  being  (with  the  exception  of  the  Echinoderms) 
an  absence  of  many  North  American  forms,  which,  as  it  appears, 
have  not  been  found  east  of  the  meridian  of  Cape  Chidley  in 
Labrador.  A  CampanvXaria  was  obtained  identical  with  one 
found  by  Mr.  £aton,  of  the  British  Transit-of- Venus  Expedition, 
at  Kerguelen's  Island ;  also,  in  the  towing-net,  a  sponge-like  dia- 
tom, Synedra  Jeffreysi  Dickie,  with  living  GlobigennsB  entangled 
in  the  connecting  protoplasmic  matter  of  its  frustules.  The  deep 
waters  of  Davis  Straits  afforded  a  mollusk  which  was  long  since 
found  fossil  in  the  newer  Tertiary  of  Sicily,  and  was  supposed  to 
be  extinct. — Proc,  Boy,  JSoc.^  No.  164,  p.  78. 
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IV.   Astronomy. 

1.  Neto  Planet. — The  discovery  of  aoother  planet  by  Herr 
Knorre  was  announced  by  telegram  to  Prof.  Henry,  Jan.  lltb. 

2.  JSarvard  Observatory  Engravings. — ^Tbe  last  instalments  of 
the  engravings  from  Harvard  College  Observatory  have  been  dis- 
tributed to  the  subscribers.  Instead  of  30  plates  as  promised,  35 
have  been  issued.  These  later  plates  represent  two  star  clusters, 
six  views  of  nebul«,  four  views  of  Donati's  comet,  and  three  of 
Coggia's  comet.  A  letter  press  description  of  the  engravings  is, 
we  understand,  to  be  soon  issued. 

3.  The  Uranian  and  Neptunian  Systems  investigated  with  the 
26-mcA  Equatorial  of  the  U.  8.  N.  Observatory ;  by  Professor 
Xkwcomb.  Appendix  I  of  the  Wash.  Obs»  for  1873,  p.  74. — 
Tliis  paper  is  the  first  extended  contribution  of  results  obtained  by 
the  large  Washington  telescope.  It  is  a  discussion  of  the  observa- 
tions made  between  Novemoer,  1873,  and  May,  1876,  upon  the 
four  satellites  of  Uranus,  and  the  satellite  of  Neptune.  It  closes 
with  tables  of  the  motions  of  the  satellites,  for  a  portion  of  which 
credit  is  given  to  Prof.  Holden. 

Prof.  Newcomb  obtains  ^jlxFXf  «*^  ^^^  most  probable  value  of  the 
mass  of  Uranus,  with  an  estimated  probable  error  of  the  denom- 
inator of  100.  He  finds  no  evidence  of  any  mutual  inclination  of 
the  orbits  of  the  four  satellites  and  but  slight  evidence  of  any 
real  eccentricity.  The  following  are  the  mean  distances  from 
Uranus  at  the  mean  distance  of  Uranus  from  the  sun:  Ariel, 
ia'-78;  Urabriel,  19*'-20;  Titania,  3 1'' 48;  and  Oberon,  42'-10. 
The  periods  of  revolution  are  2^-520378;  4^-144537;  8*^*705897, 
and  13'*-463260.  The  former  two  are  not  changed  from  the  deter- 
minations of  Lassell  and  Marth.  The  inclination  of  the  plane  to 
the  ecliptic  is  97°-85— O'OIST,  counting  from  the  epoch  1850. 

The  only  means  of  estimating  the  masses  of  the  satellites  is  a  com- 
parison of  their  light  with  that  of  the  planet.  From  this  Prof. 
Newcomb  infers  that  they  probably  do  not  exceed  Tjiair  ^^  ^^^ 
planet.  If  so  their  mutual  action,  and  the  sun's  action  on  them, 
are  of  no  importance.  Prof.  Newcomb  adds:  '*  I  think  I  may  say, 
with  considerable  certainty,  that  there  is  no  satellite  within  2'  of 
the  planet,  and  outside  of  Oberon,  having  one-third  the  brilliancy 
of  the  latter,  and  therefore  that  none  of  Sir  William  Herschel's 
supposed  outer  satellites  can  have  any  real  existence.  The  dis- 
tances of  the  four  known  satellites  increase  in  so  regular  a  way 
that  it  can  hardly  be  supposed  that  any  others  exist  between 
them.  Of  what  may  be  inside  of  Ariel,  it  is  impossible  to  speak 
with  certainty,  since,  in  the  state  of  atmosphere  which  prevails 
daring  our  winter,  all  the  satellites  would  disappear  at  10^  dis- 
tance from  the  planet.  The  planet  always  presented  itself  of  a 
sea-green  color.  No  variations  of  tint  were  ever  seen.  Markings 
on  the  planet  were  not  especially  looked  for,  but  had  any  been 
visible  they  could  hardly  have  escaped  notice." 

For  the  mass  of  Neptune  the  value  t^^^tt  ^s  obtained.     In  the 
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perturbations  of  IJraDaB,  Prof.  Newoomb  used  Tvfvv  '^^  distance 
of  the  satellite  from  NeptUDeis  16  275,  its  daily  motion  61^*25679, 
its  inclination  to  the  ecliptic  145^12;  and  the  orbit  so  far  as  obser- 
vations show  is  circular. 

No  trace  of  a  second  satellite  of  Neptune  has  ever  been  seen, 
though  it  was  several  times  carefully  looked  for  under  the  finest 
atmospheric  conditions. 

y.  Miscellaneous  Scientific  Intelligencs. 

1.  Report  on  the  Compressive  StrenglJi^  SpecUie  Gravity^  and 
Ratio  of  Absorption  of  Building  Stones  in  the  United  States;  by 
Q.  A.  GiLLMOBK.  38  pp.  8vo,  with  two  plates.  1876.  Official  Re- 
port to  the  Chief  of  Engineers,  II.  S.  Array.  (D.  Van  Nostrand.) — 
This  report  contains  the  results  of  a  very  careful  series  of  experi- 
ments on  various  building  stones  of  the  country.  The  method  of 
experimenting  in  the  crushing  is  particularly  described,  and  the 
results  as  to  crushing-strength  with  the  cubes  of  stone  in  different 
positions,  and  between  wood,  lead  and  leather  cushions,  etc,  are 
given  in  detail  The  tables  contain  entries  of  99  experiments  on 
granites,  43  on  limestones,  12  on  marbles,  and  62  on  sandstones. 

2.  Science  and  Art  Department  of  the  Committee  of  CouncU 
on  Education^  South  Kensington. — The  Loan  Exhibition  of  Scien- 
title  Apparatus  will  open  on  the  1st  of  April,  1876,  and  remain 
open  until  the  end  of  September.  It  will  consist  of  instruments 
and  apparatus  employed  for  research  and  other  scientific  purposes 
for  teaching,  and  for  illustration  of  the  progress  of  science  and  its 
applications  to  the  arts.  Models,  drawings,  and  photographs  will 
be  admissible  where  originals  cannot  be  sent.  Forms  on  lAiich  to 
enter  descriptions  of  objects  offered  for  exhibition  may  be  obtained 
on  application  to  the  Director  of  the  South  Kensington  Museum, 
London,  S.  W.,  and  these  forms  should  be  filled  up  and  returned  as 
soon  as  possible,  so  that  exhibitors  may  receive  early  intimation  as 
to  the  admissibility  of  the  objects  they  propose  to  send.  The 
Science  and  Art  Department  defrays  the  cost  of  carriage,  but, 
while  using  all  possible  care,  is  not  responsible  for  loss  or  damaee. 
The  circular  issued  expresses  the  hope  that  institutions  or  individ- 
uals having  instruments  of  historic  interest  will  be  good  enough 
to  lend  them.  The  instruments  and  apparatus  desired  are  of  all 
important  kinds  connected  with  the  subiects  of  arithmetic,  geome- 
try, measurement,  kinematics,  statics,  aynamics,  molecular  phys- 
ics, sound,  light,  heat,  magnetism,  electricity,  astronomy,  applied 
mechanics,  chemistry,  meteorology,  geography,  geology  ana  min- 
ing, mineralogy,  crystallography,  biology,  (microscopes,  <fcc.) 

3.  Works  on  the  Paieontohgy  of  the  kocky  Mountain  Surveys 
in  progress, — The  first  four  months  of  this  year  will  witness  the 
publication  of  an  unusually  large  number  of  works  on  the  inverte- 
orate  paleontology  of  the  great  Rocky  Mountain  and  adjacent 
regions,  some  of  which  have  been  delayed  several  years.  The 
following'  are  either  partly  or  wholly  in  type  and  will  soon  be 
published. 
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(1.)  Pdeoofeology  of  tha  UfqMT  MiMo^ 
▼oinme  of  between  fiOO  and  000  pegei  of  text  and  45  litnographio 
platea  of  inutntiona.    It  ia  confined  to  foaaila  of  the  Cretaoeona 
and  Tertinry  period8|  and  la  a  yeryexhanative  treatiae. 

Ji.)  Paleontology  of  Clarenee  fSng'a  Geological  aorvey  of  the 
h  paiallel,  quarto,  by  F.  B.  Medc  Thia  Beport  oompriaea 
about  150  pagea  of  text  and  17  lithographio  platea.  It  embraoea 
fNola  of  Lower  Siloiian,  Devonian  and  Carboniferona  agea  and 
of  the  Triaanc,  Jnraaaio,  Cretaoeona  and  Tertiary  perioda. 

(8.)  PaleontolcMPY  of  the  Beport  of  CapL  Simpaon'a  expedition ; 
qnarto,  by  F.  R  MeeL  Compriaea  about  100  pa^  of  text  and 
5  fithofloraph  platea^    Cretaoeona  and  Tertiarr  penoda. 

(4L)  FUeontology  of  the  Beport  of  Cant  MoOomVa  expedition; 
ooarlo.  Cretaoeona  foaaOa,  by  F.  B»  Meek  and  Carbonifieiroiia 
maila  W  J.  S.  Newbeny. 

(5.)  ndeontolM^ofpiirtaofVaneoaver'aldandandWaBhington 
TenitOTyy  by  F.  £  Meek.    About  100  pages  octavo,  and  6  platea. 

JO.)  InvertebnitePideontoIogyof  lieut  VHieeler'aBxplorationa 
I  SiArveya  weat  of  the  100th  meridian ;  ouarto^  by  C.  A.  White. 
About  220  pikgM  of  text  and  21  lithoffraphic  platea.  Thia  report 
onbrBoea  foam  of  the  Primordial^  Canadian,  Trenton,  Subcar- 
boniliagoua^  Carbomferoua,  Juraauc,  Cretaoeona  and  Tertiary 
poriodaL 

(7.)  Ihfdiminary  Beport  on  the  Invertebrate  Paleontology  of  the 
FlatMn  Province,  by  GL  A.  White,  quarto ;  about  60  pagea.  It 
will  einbrace  foaeiia  of  the  Carboniferous,  Juramo,  Cretaceous  and 
Tertiary  periods.  Amon^  other  important  facts  it  will  contain  an 
announcement  of  the  existence  of  openHsea  marine  deposits  at 
Bijou  Bann.  forty  miles  east  of  Denver,  Colorado ;  the  fossils  of 
the  deposit  belonging  to  the  genera  Venus^  Meaodemuiy  DenUUium^ 
Phams  and  an  QcMna  undistingoishable  from  the  species  comr 
mon  in  the  Vicksburg  Tertiary  beds.  This  is  to  form  a  part  of  a 
report  nearly  ready  for  pubhcation  by  Professor  J.  W.  Powell, 
Chief  of  the  Second  Division  of  the  Geological  Surveys  of  tiie 
Interior  Department.  c.  a.  w. 

4.  QtoUygical  Mm  of  the  40<A  ParaXUL  Survey. — ^Map  number 
n,  by  Clabxncs  Ejkg,  Geologist  in  Charge,  and  S.  F.  Emmons, 
AasiBtant  Geolo^st,  has  been  issued  as  authors  prooft,  dated  Nov. 
15th,  1875. — ^This  map,  which  covers  the  Green  River  Basin  and 
most  of  the  Uinta  Mountains,  a  region  of  ^reat  geological  interest, 
wOl  be  regarded  as  a  model,  as  it  has  not  been  surpassed  in  accu- 
racy and  artistic  execution  by  any  similar  work  in  this  country. 
It  IS  in  two  sheets,  each  24  bv  88  mches,  and  is  on  a  scale  of  four 
miles  to  the  square  inch.  It  is  the  first  of  the  series  issued,  and 
will  be  noticed  more  folly  when  the  other  parts  are  published. 

6.  2>^p^  of  the  North  Pocf/lc.— The  soundings  by  the  **  Chal- 
lenger" m  the  North  Pacific  as  given  in  the  Proceedings  of  the 
Royal  Society,  No.  164,  afford  the  following  results : 

Along  a  line  from  California  to  the  Sandwich  Islands  the  mean 
depth  is  16,180  feet;  and  the  least  depth,  about  half  way,  near 
18,000  feet. 

Am.  JouK.  8^1. »  Thibd  Sbkiss— Vol.  XI,  No.  SB.— Fsb,,  1878. 
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Along  a  line  from  the  SaDdwich  Islands  to  the  Bonin  Islands, 
south  of  Japan,  the  shoalest  part  is  near  111^  east  longitude, 
where  the  depth  is  6,650  feet. 

Between  longitude  177^  £.  and  the  Sandwich  Islands  the  mean 
depth  is  about  16,000  feet;  maximum  depth,  19,140  feet;  depth 
within  eighty  miles  of  the  Sandwich  Islanos  south  of  Kauai,  over 
14,000  feet 

Between  longitude  111^  E.  and  the  Bonin  Islands,  the  mean 
denth  is  nearly  16,900  feet;  maximum,  19,720  feet. 

On  a  line  running  north  from  the  Sandwich  Islands,  between 
latitude  22°  and  dS'^  N.,  mean  depth  about  17,000  feet;  and 
between  this  northern  point  and  Japan,  mean  depth  about  16,000 
feet;  maximum.  22,800  feet,  within  180  miles  of  Japan,  and  mini- 
mum near  178''  E.,  12,300  feet 

The  region  of  the  minimum  on  this  last  route  is  nearly  north  of 
that  on  the  route  from  the  Sandwich  Islands  to  the  Bonin  Islands; 
but  the  depth  is  greater,  being  12,300  feet  against  6,650  feet  on 
the  latter. 

The  mean  depth  for  the  north  Pacific  as  deduced  from  all  the 
deep-sea  soundings  is  about  16,200  feet 

6.  An  Ic^ofid  chain  ofdewUwns  in  the  North  AUanHc — ^The 
•hip  ^  Valorous,"  which  took  out  stores  to  Disco  for  the  British 
Polar  Expedition,  made  deep-sea  soundings  on  its  return.  Among 
the  discoveries,  as  mentioned  in  a  Report  to  the  Royal  Society 
(Proc.  No.  164),  was  an  elevation  of  the  ocean's  bottom  in  latitu^ 
56^  N.  and  longitude  34^  42'  W.,  to  the  southwest  of  Iceland,  over 
which  soundings  of  690  fathoms  were  obtained  between  depths  of 
1450  fathoms  on  one  side  and  1230  on  the  other.  Directly 
between  this  spot  and  Iceland,  in  latitude  59^  40'  N.,  and  29^  30' 
W.,  H.  M.  S.  ^  BuU-dog''  found  a  similar  elevation.  In  about  the 
same  direction,  northeast  of  Iceland,  there  lies  the  island  of  Jan 
Mayen.  This  line  is  parallel  to  the  Greenland  coast,  and  the  whole 
length  thus  indicated  is  over  1300  miles.  Iceland  and  Jan  Mayen 
being  volcanic,  it  may  be  that  the  whole  range  is  volcanic  in 
nature  or  origin — an  off-shore  volcanic  range.  The  line  of  this 
diain  of  elevations,  moreover,  if  continued  southwestward,  passes 
just  outside  of  Newfoundland  and  the  Atlantic  border  of  the 
United  Sutes. 

7.  Jimmal  of  the  American  Electrical  Society,  including  Orig- 
inal ami  selected  peq^rs  on  TUegraphy  and  Electrical  Science. 
VoL  I,  Na  1.  100  pp.  8vo,  with  sevend  wood-cut&  Chicago: 
1875.  l^iblished  for  the  American  Eleotricd  Society. — A  new, 
handsomely  printed  journal,  devoted  to  electrical  discoveries,  and 
the  various  practical  applications  of  electricity.  The  first  paper 
is  on  the  transmission  of  musical  notes  telegraphically,  by  Sisha 
Qrav.  The  author  closes  with  the  statement  that,  '""by  this 
melhotl,  not  only  may  ditilerent  messages  be  sent  simultaneously, 
but  a  tune  wit  Ji  all  'its  parts  can  be  distinctly  audible  at  the  re- 
oaiving  end.*^ 
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Abt.  AVIII. — Prindpcd  Ouiracters  of  the  Dinocerata;  by 

O.  G.  Mabsh.    With  five  plates. 

Thb  huge  Eocene  mammals,  discovered  by  the  writer  in 
1870,  and  subseqaently  placed  in  the  new  order  DinocenziOj 
pioye  to  be  a  weU  markea  groap  of  much  interest  The  Yale 
bolle^  Museum  now  contains  remains  of  more  than  a  hundred 
individaals,  some  of  them  in  such  excellent  preservation  that 
few  points  in  the  osseous  structure  of  these  animals  need  longer 
remain  in  doubt  It  is  proposed,  therefore,  to  give,  in  tlie 
present  communication,  the  more  important  characters  of  the 
members  of  this  order,  reserving  the  detailed  description  for  a 
separate  memoir.  Although  several  distinct  genera  oi  Dinocerata 
are  now  known,  as  shown  below,  the  typical  characteristics  of 
the  group  are  best  seen  in  Dinocerasj  ana  hence  I  describe  first 
that  genus,  which  is  especially  illustrated  in  the  accompanying 
platesL 

DnrocKSAS  Marsh,  18?2.* 

The  skull  in  Dinoceras  is  long  and  narrow,  the  &cial  portion 
being  greatly  produced.  The  basal  line,  extending  from  the 
lower  margin  of  the  foramen  magnum  along  the  palate  to  the 
end  of  the  premaxillaries,  is  nearly  straight  The  top  of  the 
skull  supports  three  separate  transverse  pairs  of  osseous  eleva- 
tions, or  horn-cores,  which  form  its  most  conspicuous  feature, 
and  suggested  the  name  of  the  genus.  The  smallest  of  these 
protuberances  are  situated  near  the  extremity  of  the  nasals ;  a 
second  much  larger  pair  rise  from  the  maxillaries  in  front  of 
the  orbits ;  while  the  largest  are  on  the  parietals,  and  supported 
by  an  enormous  crest,  which  extends  from  near  the  orbits 
entirely  around  the  lateral  and  posterior  mardns  of  the  true 
cranium.  (Plate  11.)  The  posterior  crest,  which  curves  up- 
ward and  backward  beyond  the  occipital  condyles,  is  mainly 
composed  of  the  supra-occipital.  The  floor  of  the  deep  depres- 
sion in  front  of  this  crest  is  formed  by  the  parietals.  These 
bones  also  send  up  the  lateral  crests.  The  top  of  the  skull 
between  the  orbits  is  formed  of  the  frontal  bones,  which  are 
remarkably  short  Their  superior  sutures  with  the  parietals 
pass  just  m  front  of  the  lateral  crest,  and  then  converge  poste- 
riorly.    There  is  no  postorbital  process,  but  in  some  species  of 

*  Thia  Joonial,  iy,  343,  v,  117,  293  and  310. 
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the  genus  there  is  a  prominence  on  the  frontal,  directly  over 
the  orbit  The  nasals  are  greatly  elongated,  being  nearly  half 
the  length  of  the  entire  skulL  They  unite  with  the  frontals 
by  oblique  sutures,  directed  backward  and  inward,  and  neariy 

Sarallel  with  the  superior  fronto-parietal  sutures.  (Plate  II, 
gure  8.)  The  osseous  protuberances  on  the  extremities  of 
the  nasals  are  of  moderate  size  in  DincceraSy  but,  like  the  max- 
illary horn-cores,  yary  much  with  age.  Both  may  possibly 
have  been  covered  with  thick  skin,  and  not  with  true  homa 

The  orbit  is  large,  and  qonfluent  with  the  temporal  fossa. 
The  latter  is  of  great  extent  posteriorly,  but  the  zygomatic  arches 
are  only  moderately  expanded.  •  The  squamo»d  forms  the 
lower  portion  of  the  temporal  fossa,  and  sends  down  a  massive 
post-glenoid  process,  which  bounds  in  front  the  external  audi- 
tory meatus.  The  latter  has  for  its  posterior  border  the  post- 
r  panic  process  of  the  squamosal,  which  unites  directly  with 
paroccipital,  thus  excluding  the  mastoid  from  the  external 
sur&ce  of  tne  skull,  as  in  Rhinoceros,  The  tympanic  portion  of 
the  periotic,  also,  does  not  reach  this  surface.  There  are  small 
air-cells  in  the  walls  of  the  temporal  fossa,  both  in  the  squamo- 
sal and  parietals.  The  squamc^  sends  forward  a  strong  zyRO- 
matic  process,  which  resembles  that  in  Tapirvs,  The  nialar 
completes  the  anterior  portion  of  the  arch,  extending  to  the 
front  of  the  orbit  (Plate  11,  figure  1.)  The  lachrymal  is  large, 
and  forms  the  anterior  border  of  the  orbit  It  is  perforated  by 
a  large  foramen.  The  maxillaries  are  massive,  and  quite  re- 
markable in  supporting  a  pair  of  stout,  conical  horn-cores, 
which  vary  in  form  and  size  m  difiTerent  species.  These  cones 
are  solid  except  at  the  base,  which  is  usually  perforated  for  the 
fang  of  the  canine  tusk.  The  premaxillaries  are  elongated,  and 
without  teeth.  They  unite  posteriorly  with  the  maxillaries  just 
in  front  of  the  canine,  ana  then  divide,  sending  forward  two 
branches,  which  partially  enclose  above  and  below  the  lateral 
p)ortion  of  the  narial  aperture.    (Plate  11,  figure  1.)    The  lower 

e)rtion  is  slender,  and  resembles  the  premaxillary  of  some 
uminant<^.  The  premaxillaries  are  not  united  at  their  ex- 
tremities. The  latter  are  rough,  and  probably  supp>orted  a  pad. 
The  palate  is  very  narrow  and  deeply  excavated,  especially 
in  front  The  anterior  palatine  foramina  are  in  the  premaxilla- 
ries, and  vary  much  in  different  species.  In  D,  mtrabile  they 
are  elonpate<l  fissures,  enclosed  between  the  lateral  and  palatine 
branches  of  the  premaxillaries,  as  in  Equxis,  In  D.  laiiceps  they 
are  of  small  size,  and  oval  in  outline.  The  posterior  palatine 
foranuna  are  in  the  maxillaries  near  the  anterior  border,  as  in 
HifnKifH)hvnus.  The  posterior  nares  extend  forward  between 
the  last  upper  molars.  The  occipital  condyles  are  large,  and 
Wiuuitnl  o.xtoruaUy  in  front  and  below  by  a  deep  groove.    They 
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TOoieQl  downward  and  backward,  showing  that  the  head  was 
declined  when  in  its  natural  position.  The  exoccipitals  are  per- 
forated by  a  condylar  foramen  of  moderate  size,  which  is  sep- 
arated from  the  larger  foramen  lacernm  posterius  by  a  slender 
partition  of  bona  between  the  post-glenoid  process  and  the 
oasi-sphenoid,  there  is  an  irregular  cavity  filled  in  part  below 
by  the  periotic  There  is  a  distinct  alisphenoid  canal,  and  the 
foramen  ovaJe  is  near  its  posterior  orince.  In  front  of  its  an- 
terior €>pening,  is  a  small  foramen  lacerum  anterius,  and  further 
forward,  the  optic  foramen.  The  infraorbital  foramen  is  large, 
and  partially  concealed  behind  the  maxillary  ridge  which  sup- 
ports the  malar. 

The  brain  cavity  in  Dinoceras  is  perhaps  the  most  remarka- 
ble feature  in  this  remarkable  genus.  It  proves  conclusively 
that  the  brain  was  proportionately  smaller  than  in  any  other 
known  mammal,  recent  or  fossil,  and  even  less  than  in  some 
reptiles.  It  was,  in  fact,  the  most  reptilian  brain  in  any  known 
mammal.  In  D.  mirabile^  the  entire  brain  was  actually  so 
diminutive  that  it  could  apparently  have  been  drawn  through 
the  neural  canal  of  all  the  presacral  vertebrae,  certainly  through 
the  cervicals  and  lumbars.  The  size  of  the  entire  bram  as  com- 
pared with  that  of  the  cranium  is  well  shown  in  the  accompa- 
nying cut,  figure  L 

1. 


Figure  1.    Outline  of  Skull  and  Brain  Cavity  of  Dinoceras  mvrabile.    Top  view; 
one-eighth  natural  size. 

The  most  striking  feature  in  the  brain  cavity  itself  is  the 
relatively  small  size  of  the  cerebral  fossa,  this  being  but  little 
larger  than  the  cerebellar  portion.  This  is  shown  in  Plate  IV, 
the  figures  of  which  are  drawn  from  a  cast  of  the  brain  cavity 
of  D.  mirabiky  the  type  of  the  genua  The  cerebral  hemi- 
spheres did  not  extend  at  all  over  either  the  cerebellum  or  the 
olfactory  lobes.  The  latter  were  large,  and  continued  well  for- 
ward. The  hemispheres  were  apparently  convoluted,  and  the 
Sylvian  fissure  distinctly  marked.     There  was  a  rudimentary 
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tentorial  ridge.  The  cerebellar  foesa  is  but  little  lar^^  trana- 
versely  than  the  medullar  canal,  and  has  lateral  cavities  which 
may  have  been  occupied  by  flocculi.  The  pituitary  fossa  is  nearly 
round)  and  of  moderate  depth.  There  are  no  clmoid  processea 
The  brain  as  a  whole  resembled  that  in  some  Marsupials  more 
than  in  any  other  known  mammals.  Its  small  size,  as  the 
writer  has  elsewhere  shown,  is  a  character  apparently  pertain- 
ing to  all  Eocene  mammals  ;*  the  brain-growth  during  the  rest 
of  the  Tertiary  period  having  been  gradual,  and  mainly  in  the 
cerebrum. 

The  teeth  in  Dinooeras  are  represented  by  the  following 
formula : 

Incisors  — . ;  canines  — ;  premolars  — ;  molars  -~ :  X  2=34. 
3  '  1  '  *^  3  '  3 

The  superior  canines  are  long,  decurved,  trenchant  tusks. 
They  are  covered  with  enamel,  and  their  fangs  extend  upward 
into  the  base  of  the  maxillary  horn -cores.  There  is  some  evidence 
that  these  tusks  were  small  in  the  femalea  Behind  the  canine, 
there  is  a  moderate  diastema.  The  molar  teeth  are  very  small 
The  crowns  of  the  superior  molars  are  formed  of  two  transverse 
crests,  separated  externally,  and  meeting  at  their  inner  extremi- 
ties. The  series  is  well  shown  in  Plate  HI,-  which  represents 
the  upper  premolars  and  molars  of  D,  mirabHe.  The  nrst  trae 
molar  is  smaller  in  this  specimen  than  the  two  preceding  pre- 
molars.   The  last  upper  molar  is  much  the  largest  of  the  seriea 

The  lower  jaw  in  iJinoceras  is  as  remarkable  as  the  skull.  Its 
most  peculiar  features  are  the  posterior  direction  of  the  con- 
dyles, hitherto  unknown  in  Ungulates,  and  a  massive  decurved 
process  on  each  ramus,  extending  downward  and  outward 
oelow  the  diastema.  (Plate  V.)  The  position  of  the  condyles 
was  evidently  necessitated  by  the  long  upper  tusks,  as,  with* the 
ordinary  ungulate  articulation,  the  mouth  could  not  have  been 
ftilly  opened.  The  low  position  of  the  condyle,  but  little  above 
the  line  of  the  teeth,  is  also  a  noteworthy  character.  The  long 
pendant  imKesses  were  apparently  to  protect  the  tusks,  which 
would  otherwise  be  very  liable  to  be  broken.  Indications  of 
similar  pnx^osses  are  seen  in  Smilodon^  and  some  other  Carnivores 
with  long  upper  caninea  With  the  exception  of  these  processes, 
the  lower  jaw  of  Ih'noctras  is  small  and  slender.  The  symphysis 
is  ci^inplotely  ossitievl.  The  six  incisors  were  contiguous,  and 
all  dinvteil  well  forwani.  Just  behind  these,  and  not  separated 
from  them»  wi^  the  small  canine,  which  had  a  similar  direction. 
The  on.>wus  ot  the  lower  molars  have  transverse  crests,  and  the 
last  of  the  series  is  the  largest     (Plate  V,  figure  3.) 

The  Yonobr^  in  Dua^ems^  in  theii*  main  cnaracters,  resemble 

«  ThU  JoonMO,  Till  Pl  66.  Ji4r.  18T4. 
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those  of  Proboscidiana  The  atlas  and  axis  are  very  similar  to 
those  of  the  elephant,  but  the  rest  of  the  cervicals  are  propor- 
tionally longer.  The  dorsal  and  lumbar  vertebrae  have  the  artic- 
ular fiEices  nearly  flat,  and  the  lumbars  have  an  inferior  ridge  on 
the  median  line.  There  are  four  sacral  vertebrae,  the  last  being 
quite  small.  The  anterior  caudals  have  long,  depressed,  trans- 
verse processes.  The  ribs  resemble  those  in  mastodon.  The 
segments  of  the  sternum  were  well  ossified,  and  most  of  them 
were  flattened  vertically. 

The  scapula,  in  its  general  form,  is  similar  to  that  of  the. 
elephant,  but  there  is  much  less  constriction  above  the  glenoid 
fossa.  The  latter  is  elongate,  deeply  concave  longitudinally, 
and  nearly  flat  transversely.  The  spine  extends  downward 
nearly  to  the  glenoid  border.  The  coracoid  portion  is  a  rugose 
protuberance,  separate  from  the  margin  of  the  articular  fossa. 
The  humerus  is  short  and  massive,  and  in  its  main  features 
resembles  that  of  the  elephant.  One  of  the  most  marked  dif- 
ferences is  seen  in  the  great  tuberosity,  which  does  not  rise 
above  the  head,  and  is  but  little  compressed.  The  condylar 
ridge,  moreover,  of  the  distal  end  is  tubercular,  and  not  con- 
tinned  upward  on  the  shaft.  The  lower  extremity  of  the  hu- 
merus is  much  like  that  of  the  rhinoceros,  and  the  proportions 
of  the  two  bones  are  essentially  the  same.  The  radius  and 
ulna  are  nearly  of  the  same  size.  The  head  of  the  radius  rests 
on  the  middle  of  the  ulnar  articulation,  and  hence  the  shaft  of 
this  bone  does  not  cross  that  of  the  ulna  so  obliquely  as  in  the 
elephant  The  ulna  has  a  small  face  for  articulation  with  the 
lunar,  as  in  the  elephant 

There  are  five  well  developed  toes  in  the  manus,  which  is 
well  shown  in  Plate  VI,  figure  2.  The  carpal  bones  are  eight 
in  number,  and  form  interlocking  series,  as  in  Perissodactyls. 
The  scaphoid  resembles  that  bone  in  the  elephant  but  is  shorter 
and  stouter.  Its  proximal  end  is  rounded,  forming  about  one- 
fourth  of  a  sphere.  On  its  distal  end,  the  articular  faces  are 
confluent  It  supports  the  trapezium  and  trapezoid.  The  pyra- 
midal sends  down  an  outer  angle  to  articulate  with  the  fifth 
metacarpal,  as  in  Elephcis,  The  trapezoid  is  the  smallest  bone 
in  the  carpus.  The  magnum  is  supported  by  the  lunar,  and 
not  at  all  by  the  scaphoid.  The  unciform  is  the  largest 
carpal  bone.  It  has  the  usual  metacarpal  faces  well  marked, 
and  separated  by  ridges.  The  metacarpals  are  of  moderate 
length,  and  the  third  is  about  equally  supported  by  the  magnum 
and  unciform.  The  articulations  for  the  phalanges  are  nearly 
flat,  indicating  but  little  motion.  The  phalanges  are  very  short, 
and  the  distal  ones  rueose. 

The  pelvis  is  much  expanded,  as  in  Proboscidians.  The 
ilium  is  suboval  in  outline.     The  pubis  is  slender  and  short, 
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and  the  ischium  has  less  posterior  extension  than  in  the  ele- 
phant The  thyroid  foramen  is  an  elongate  oval.  The  femur 
is  proportionally  about  one-third  shorter  than  that  of  the  ele- 
phant The  head  of  this  bone  has  no  pit  for  the  round  liga- 
ment, and  the  great  trochanter  is  flattened  and  recurved. 
There  is  no  indication  of  a  third  trochanter.  The  distal  end  of 
the  femur  is  more  flattened  transversely  than  in  the  elephant, 
and  the  condyles  are  more  nearly  of  the  same  size.  The  cor- 
responding articular  faces  of  the  tibia  are  consequently  about 
equal,  and  also  contiguous,  with  no  prominent  elevation  be- 
tween them.  When  the  limb  was  at  rest,  the  femur  and  tibia 
were  nearly  in  the  same  line,  as  in  the  elephant  and  man.  The 
patella  is  elongate,  and  oval  in  outline.  The  fibula  is  slender, 
and  entire,  with  articular  &ces  well  marked  at  each  extremity. 
The  astragalus  has  no  distinct  superior  groove.  Its  anterior 
portion  has  articular  faces  for  both  the  navicular  and  cuboid, 
thus  differing  fi*om  Proboscidians,  and  ageing  with  Peris- 
sodactyls.  The  calcaneum  is  very  short,  its  longitudinal  and 
transverse  diameters  being  about  equal.  It  does  not  articulate 
with,  the  navicular,  as  in  Ekpha%  and  has  only  a  smaU  face  for 
the  cuboid.  There  are  four  well  developed  digits  in  the  pes, 
and  a  rudimentary  or  small  hallux.  The  metatarsals  are  much 
shorter  than  the  metacarpals.  The  phalanges  and  sesamoid 
bones  are  smaller,  but  otherwise  similar  to  those  of  the  manua 
The  hind  foot  is  shown  in  figure  1  of  Plate  VI.  None  of  the 
bones  of  the  skeleton  are  hollow 

The  known  species  of  Dinoceras  nearly  equalled  the  elephant 
in  size,  but  the  limbs  were  shorter.  The  head  could  reacn  the 
ground,  and  there  is  no  evidence  of  a  proboscis.  All  the 
remains  of  the  genus  yet  discovered  are  from  the  Eocene  of 
Wyoming. 

Yale  College,  New  Haven,  Jan.  18th,  1876. 

(To  be  continued.) 


BXPLAVATION  or  PLATH. 

Plftte  n. — Dimoeeras  miMbik  Marsh,    figure  1,  side  view  of  skull ;  flgore  2,  front 

view;  figure  3,  top  view.    One^ighth  natural  size. 
Plate  IIL — Dinoceras  mirdbUt.    Superior  premolar  and  molar  teeth ;  bottom  view. 

Three-fourths  natural  size. 
Plato  rV. — Dinocenu  mirdbile.    Cast  of  brain  cavity,    figure  1,  side  view;  figure 

2y  top  view;  figure  3,  bottom  view.    One-half  natural  size. 
Plato  V. — Dinoceras  UUiceps  Marsh.    Lower  jaw.    Figure  1,  front  view ;  figure 

2,  side  view ;  flgpire  3,  top  view.    One-fifth  natural  size. 
Plato  YL — Dinoceras.    Figure  1,  hind  foot;  figure  2,  fore  foot    One-third  natural 

size. 
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\  XIX. — On  the  Veiled  Solar  Spots;*  by  L.  Tbouvelot. 

id  before  the  American  Academy  by  William  A.  Rogers,  Oct  12, 18t6.] 

is  now  pretty  well  established  that  the  visible  surface  of 
un  is  a  gaseous  envelope  called  **the  chromosphere;" 
y  composed  of  incandescent  hydrogen  gas,  with  which  are 
onally  associated  some  metalhc  vapors,  usually  occupyinff 
>wer  strata.  To  all  appearances,  the  granulations  called 
grains/'  the  faculse  and  the  protuberances,  are  phenomena 
ging  to  the  chromosphere ;  in  fact  they  are  tne  chromo- 
e  itself  seen  under  the  particular  forms  and  aspects  pecu- 

0  it.     Ordinarily  this  envelope  has  a  thickness  of  10'^  or 
This  thickness,  however,  is  by  no  means  constant,  vary- 

om  day  to  day  within  certain  narrow  limits. 

no  time  since  I  have  observed  the  sun  have  I  seen  the 
losphere  so  thin  and  shallow  as  during  the  present  year, 
especially  between  June  10  and  August  18.     I  had  before 

often  observed  local  depressions  and  upheavals  of  the 
iiosphere,  sometimes  extending  over  large  surfaces,  but  I 

1  ever  before  observed  such  a  general  subsidence 

thin  was  the  chromosphere  during  this  period  that  it  was 
times  very  difficult  to  obtain  its  spectrum  by  placingthe 
f  the  spectroscope  tangent  to  the  limb  of  the  sun.  This 
specially  tlie  case  on  the  afternoon  of  August  9. 
is  unusual  thinness  of  the  chromosphere  could  be  easily 
nized  without  tiie  assistance  of  the  spectroscope.  Indeed, 
•henomenon  was  even  more  interesting  seen  through  the 
:opc,  as,  with  it,  the  structure  of  the  photosphere,  lying  as 

♦  Prom  the  Proceedings  of  the  Americau  Academy. 
Jour.  Sol— Third  Sbribs,  Vol.  XI,  No.  63.— March,  1876 
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it  does  under  the  envelope  of  the  chromosphere,  could  be  better 
seen  through  the  thin  veil  formed  by  the  greatly  attenuated 
chromospheric  gases. 

That  tne  gases  forming  the  chromosphere  are  sometimes  thin 
enough  to  become  transparent  is  a  phenomenon  which  I  have 
observed  hundreds  of  times ;  as  is  abundantly  proved  by  the 
numerous  drawings  of  protuberances  which  I  have  made  at  the 
Harvard  College  Observatory,  in  which  the  limb  of  the  sun  is 
seen  through  the  base  of  the  protuberances  in  front  of  it.  In 
plate  X,  figure  3,  there  occurs  a  very  striking  instance,  where 
two  small  prominences  are  seen  through  a  large  protuberance 
nearer  the  observer. 

During  this  period  of  general  subsidence,  the  granulations 
appeared  to  be  smaller  and  farther  apart  than  usual,  and  conse- 
quently the  light-gray  colored  background  upon  which  they  are 
seen  projected  was  more  distinct,  as  it  occupied  more  space  than 
formerly.  During  this  period,  the  light-giving  element  would 
appear  to  have  been  less  than  usual. 

I  am  not  aware  that  the  phenomena  of  which  I  shall  speak 
in  this  communication  have  been  before  observed ;  but  I  can- 
not speak  positively  on  this  point,  owing  perhaps  to  the  some- 
what confused  nomenclature  of  solar  physics. 

Ever  since  I  have  observed  the  sun  with  instruments  of  a 
large  aperture,  I  have  noticed  that  the  light-gray  colored  back- 
ground seen  between  the  granulations  is  by  no  means  uniform, 
as  it  is  generally  stated  to  be.  On  the  contrary  it  is  greatly 
and  strikingly  diversified.  Aside  from  the  very  small  black 
dots  called  "  pores,"  patches  of  a  darker  grav  are  irregularly 
distributed  all  over  tne  surface  of  the  sun.  6ut  partly  owing 
to  the  effect  of  perspective,  and  partly  on  account  of  the  thicker 
strata  of  the  chromospheric  gases  through  which  they  are  neces- 
sarily seen  near  the  limb,  they  disappear  gradually  as  they  ap- 
proach the  border. 

These  dark  spots  have  been  so  remarkable  during  the  present 
year,  and  so  conspicuous  during  the  period  of  the  greatest  sub- 
sidence of  the  chromosphere,  that  1  have  avail^  myself  of 
every  favorable  opportunity  to  study  them.  So  strongly  were 
they  marked  that  when  one  had  passed  the  field  of  view,  it 
could  be  easily  found  again  among  many  others,  even  after  the 
lapse  of  several  hours.  Of  the  most  striking  and  complicated,  I 
have  made  sketches. 

In  onler  to  be  able  to  count  how  many  of  these  gray  spots 
could  be  seen  in  different  heliographic  latitudes,  and  also  to 
estimate  their  area  with  respect  to  the  whole  surface  of  the 
sun,  Mr.  W.  A.  Rogers,  assistant  at  the  Harvard  College 
Observatory,  kindly  ruled  for  me  on  glass  a  reticule  of 
small  squares.     Though  the  problem  is  apparently  a  simple 


L.  Tirouveht— Vailed  Solar  J^pota.  171 

one.  it  neyertheless  presented  many  diffionlties ;  partly  owing  to 
the  mhiateQeaB  and  delicacy  of  these  objects,  partly  on  account 
of  the  onateadiness  of  the  atmosphere,  and  partly  to  the  many 
defects  caused  by  the  ^reat  amount  of  heat  concentrated  at 
the  focus  of  the  objectiva  However,  the  observations  show 
clearly  that  though  the  number  of  gray  spots  varies  but  very 
little  in  different  latitudes,  in  general  the  spots  become  lai^ger 
and  more  complicated  as  they  approach  the  equatorial  zones. 

The  most  marked  characteristic  of  the  gray  spots  is  their 
vagueness  of  outlina  They  are  never  sharply  defined  like 
ordinary  spots,  but  they  appear  blurred  and  difiused  like  an 
object  seen  through  a  mist  As  I  shall  endeavor  to  show 
presently,  these  objects  are  really  seen  through  chromospherio 
gases  which  are  spread  as  a  veil  over  them,  causing  this  vague- 
ness of  outlina  For  this  reason,  I  propose  for  them  the  name 
of  VeOed  Solar  Spois. 

The  veiled  solar  spots,  especially  in  the  lower  latitudes,  have 
a  remarkable  tendency  to  assemble  into  small  groups  siter  the 
manner  of  ordinary  spots.  Sometimes  three  or  four  are  seen  in 
contact,  while  there  are  comparatively  lari^e  intervals  where 
none  are  to  be  seen.  I  have  in  several  instances  seen  the 
actual  formation  into  groups  of  distinct  veiled  spots. 

The  granulations  of  the  chromosphere  are  seen  projected 
upon  the  veiled  spots,  just  as  anywhere  else,  but  they  are  not 
there  so  regularly  distributed;  some  being  closely  crowded 
together,  while  others  are  widely  scattered.  Small  faculse  are 
often  formed  in  this  manner  by  the  aggregation  of  several 
granules  into  one  mass.  Once  in  a  while  the  ^nulations 
appear  as  if  they  were  under  the  power  of  a  propellmg  force  by 
which  they  arrange  themselves  in  files,  and  sometimes  in 
capricious  figures  which  are  very  remarkable. 

in  many  cases  I  have  observed  that  the  granulations  pro- 
jected upon  the  veiled  spots  have  an  extraordinary  mobility, 
to  be  seen  nowhere  else,  except  perhaps  in  the  immediate 
ricinity  of  ordinary  spots  in  full  activity.  Often  their  form  and 
position  are  totally  cnanged  within  a  few  minutes,  and  some- 
times even  within  a  few  seconds.  This  was  especially  the  case 
June  21.  At  8*>  SO™  on  that  day,  I  was  observing  a  group  of 
veiled  spots  not  far  from  the  center  of  the  sun,  when  my  atten- 
tion was  drawn  to  the  extraordinary  mobility  of  the  granulations 
covering  this  group.  In  an  instant  they  changed  their  form 
and  position,  some  crowding  together  as  though  oriskly  attract- 
ing each  other,  while  others  would  fly  apart  as  if  repelled  by 
an  invisible  force.  Under  this  tumultuous  conflict  of  forces, 
new  veiled  spots  would  appear  and  disappear  in  an  instant, 
faculae  would  form  and  vanish  ;  in  fact,  all  was  in  motion  and 
confusion  on  that  particular  part  of  the  sun.  It  was  evident 
that  immense  forces  were  in  conflict  under  the  chromosphera 
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At  2^  0™  P.  M.,  on  the  same  day,  several  small  black  spots 
had  opened  through  the  chromosphere  upon  the  group  of  veiled 
spots  observed  in  the  morning.  At  8"  0"  on  the  following 
morning,  the  group  of  small  black  spots  was  considerably 
increased,  having  quite  a  lai^e  spot  on  the  preceding  side, 
followed  by  twelve  or  fifteen  smaller  ones.  On  June  2k,  this 
group  had  attained  to  its  maximum  size.  It  was  then  very 
brge  and  complicated.  In  fact,  it  was  the  largest  group  of  sun 
spots  observed  thus  far  during  the  present  vear. 

On  August  8, 1  noticed  a  group  of  veiled  spots  a  little  south 
of  the  sun's  center.  The  following  morning  at  7*>  0",  there 
was  at  the  same  place  a  small  group  of  half  a  dozen  black  spots 
disposed  in  a  crescent  shape.  At  2^  0°*  P.  M.,  the  black  spots 
haa  vanished,  but  the  veiled  spots  still  remained,  having 
retained  the  characteristic  crescent  form  of  the  olack  spots  and 
many  other  details  observed  in  the  morning ;  and,  as  a  proof 
that  the  chromosphere  covered  this  spot,  the  granulations  could 
be  plainly  seen  upon  Oie  whole^  indicating  clearly  that  this  spot  was 
seen  through  the  veil  of  the  chromospheric  gases. 

On  August  24,  the  same  phenomenon  took  place.  Just  fol- 
lowing the  principal  spot  of  the  only  group  then  to  be  seen  on 
the  surface  of  the  sun,  there  was  a  fine  group  of  veiled  spots. 
The  following  day  some  black  spots  had  made  their  appearance 
upon  them.  On  August  27,  the  black  spots  had  vanislbed,  but 
in  their  place  the  veiled  spots  seen  at  first  still  remained,  and 
they  continued  to  be  seen  there  for  several  days. 

l^o  all  appearances,  the  black  spots  which  I  had  seen  dis- 
appear under  the  chromospheric  gases,  and  which  continued  as 
veiled  spots,  were  exactly  alike  and  undistinguishable  from  the 
many  other  veiled  spots  scattered  all  over  the  sun ;  and,  had  I 
not  seen  the  opening  of  the  photosphere,  with  the  black  spots, 
I  could  not  have  had  any  idea  of  the  tnie  nature  of  the  veiled 
spots. 

So  far,  I  liave  only  spoken  of  veiled  spots  observed  in  the 
zones  where  the  ordinary  sun  spots  usually  make  their  appear- 
ance ;  but,  as  I  have  said,  the  veiled  spots  are  scattered  all  over 
the  surface  of  the  sun. 

During  this  period,  I  had  many  occasions  to  observe  very 
remarkable  and  characteristic  veiled  spots  in  very  high  helio- 
ffraphic  latitudes  north  and  south.  On  July  15,  within  a  few 
degrees  of  the  north  pole  of  the  sun,  I  observed  a  remarkable 
veiled  spot,  unusually  large  and  dark.  Upon  it  were  several 
bright  slender  faculae  projected  in  crest  shape  to  very  high 
altitudes.  These  faculae  appeared  to  be  precisely  like  those 
observed  in  lower  latitudes  near  ordinary  sun  spots.  Upon  this 
veiled  spot  could  unmistakably  be  seen  a  small  black  spot,  not 
a  pore ;  a  real  opening  of  bott  chromosphere  and  photosphera 
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On  August  9,  I  observed  another  remarkable  veiled  spot 
within  about  10°  from  the  north  pole,  and  upon  it  could  be 
seen  tbree  small  black  spots. 

On  August  18,  at  11*»  0",  I  observed  a  very  dark  veiled  spot 
within  6°  or  8°  from  the  north  pole.  It  had  upon  it  a  group  of 
small  faculfle,  so  characteristic  of  the  spots  of  lower  latitudea 
At  4**  80™  in  the  afternoon,  this  veiled  spot  was  still  darker, 
and  upon  it,  near  a  facula,  a  pretty  large  black  spot  was  visible. 

On  August  24,  I  observed  a  remarkable  veiled  spot  at  about 
75°  south  latituda 

On  September  6,  another  large  group  of  veiled  spots  was  seen 
within  10°  or  15°  of  the  north  pole.  At  10**  20'°,  some  faculse 
had  formed  upon  it,  and  two  black  spots  were  distinctly  visible. 
At  5**  0"  in  the  afternoon,  this  group  was  still  visible. 

On  September  8,  within  a  few  degrees  of  the  north  pole,  I 
observed  a  fine  group  of  two  veiled  spots,  unusually  dark  and 
large,  and  near  one  of  these  spots  there  was  a  pretty  large  and 
bright  facula.  Ten  minutes  later  the  dark  veiled  spots  had 
vanished,  leaving  in  their  place  some  bright  faculse.  One 
minute  later  the  veiled  spots  began  to  reappear,  but  under 
another  form,  to  disappear  again  the  next  moment 

A  little  southwest  from  this  last  group,  but  in  the  same  field 
of  view,  was  another  group  of  veiled  spots  apparently  in  full 
activity.  Upon  it  three  or  four  black  spots  were  visible  for 
some  seconds.  Upon  these  veiled  spots  the  granulation  had 
an  extraordinary  mobility ;  so  much  so,  that  I  expected  at 
every  moment  to  see  a  large  spot  make  its  appearance,  but  in 
less  than  a  minute  the  veiled  spots  and  the  black  spots  had 
both  vanished,  and  in  their  place  were  formed  in  an  instant, 
some  very  bright  faculae. 

To  all  appearances,  the  veiled  spots  seen  in  high  latitudes 
differ  but  very  little  from  the  ordinary  sun  spots  of  the  lower 
latitudes,  except  in  regard  to  magnitude  and  activity.  The 
difference  seems  particularly  to  be  that,  in  the  first,  the  umbra, 
instead  of  being  freed  from  the  gases  and  vapors,  is  partly  or 
wholly  choked  with  them ;  while,  besides,  the  chromosphere 
covers  it.  The  forces  which  open  the  photosphere  in  high 
latitudes,  it  would  seem,  have  not  sufficient  energy  to  repel  or 
dissolve  the  chromosplieric  gases;  or,  if  they  have,  it  is  in  a 
very  feeble  degree,  but,  even  then,  the  phenomenon  is  generally 
of  short  duration. 

Though  I  had  no  means  of  making  accurate  measurements  of 
the  positions  of  the  spots  seen  in  high  latitudes,  the  error  of  my 
estimation  cannot  be  very  great.  In  any  case  a  few  degrees 
would  certainly  cover  it,  and  it  remains  a  fact  that  I  have  ob- 
served  spots  at  least  within  10°  of  the  north  pole  of  the  sun. 
The  importance  of  this  observation  will  appear  when  it  is  stated 
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that  very  few  spots  liave  been  obseired  oatside  of  the  zones 
lying  40°  on  either  side  of  the  equator.  I  know  of  bat  two 
instances  on  record  in  which  spots  nave  been  observed  beyond 
this  limit.  La  Hire  observed  a  spot  70^  from  the  equator,  and 
more  recentlv,  in  the  month  of  June^  1846,  Dr.  C.  H.  F.  Peters 
observed  at  Naples  a  spot  60^  from  tiie  eq^uator. 

It  is  farther  to  be  remarked  that  according  to  the  conclusions 
of  the  English  observers,  the  solar  spots  attain  higher  latitudes 
daring  the  years  of  the  maximum  number  of  spots,  and  recede 
more  and  more  towards  the  equator  as  the  minimun  is  ap- 
proaching; and  it  is  to  be  noted  that  the  present  ^year  i»  pre- 
cisely, or  at  least  very  nearly,  a  minimum  vear.  Itis  doubtless 
owing  to  the  unusual  thinness  of  the  chromosphere  during 
this  period  that  spots  have  been  observed  in  so  big^  latitudes 
this  year.  It  is  true  that  the  spots  were  small  but,  neverthe- 
less, they  were  genuine  spots,  with  all  the  cnaracteristics  of 
laiger  spota 

It  is  difficult  for  one  who  has  seen  the  phenomena  which  I 
have  described,  to  come  to  any  other  conclusion  than  this:  that 
the  veiled  spots  are  breaks  or  true  openings  in  the  photosphere, 
seen  througn  the  imperfectly  transparent  gases  composing  the 
chromosphere,  openings  themselves  partly  or  wholly  filled  by 
the  vapors  ejected  by  the  forces  from  the  interior  of  the  photo- 
sphere. If  this  hypothesis  should  prove  to  be  the  expression 
of  a  fact,  then  we  should  expect  to  find  that  the  photosphere  is 
perforated  by  thousands  of  crevasses  either  pamy  or  entirely 
tilled  with  the  vapors  and  gases  from  the  intenor,  which  cannot 
be  ejected  outside  for  want  of  sufficient  energy,  save  for  a  com- 
paratively very  small  number  situated  in  the  equatorial  zones, 
where  this  energy  appears  maximum,  and  is  able  to  repel  and 
dissolve  the  gases  from  the  interior. 

Before  the  observations  of  this  year,  I  had  arrived  at  pre- 
cisely the  same  conclusions  in  r^ard  to  the  opening  of  the  pho- 
tosphere in  all  latitudes,  and  to  the  existence  of  invisible  spots 
concealed  by  the  chromosphere.  These  conclusions  were  derived 
from  my  observations  with  the  spectroscope,  made  at  Harvard 
College  observatory  during  a  period  of  thirty-five  months.  A 
discussion  of  these  observations  is  reserved  for  a  future  com- 
munication. 

Though  one  can  hardly  form  a  settled  opinion  with  regard  to 
the  cause  of  the  generd  depression  of  the  chromosphere,  on 
account  of  the  imperfect  data,  it  seems  natural,  however,  to  sup- 
pose that  the  phenomenon  is  connected  in  some  way  with  the 
minimum  period  of  sun  spota  Judging  by  the  great  number 
of  veiled  spots  observed,  and  by  the  myriads  of  pores  seen 
between  the  granulations,  it  would  seem  that  both  the  chromo- 

3;>here  and  pnotosphere  have  been  much  thinner  than  usual 
oiing  the  present  year. 
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If  there  are  breaks  in  the  photosphere  at  many  points  of  the 
sarlace  of  the  sun,  it  becomes  easy  to  account  for  the  unusual 
thinness  of  the  chromosphere  this  year,  because  as  observed  by 
myself  and  others,  at  certain  phases  of  the  spots,  the  chromo- 

Jpheric  gases,  rushing  with  impetuosity  into  the  umbra,  go 
own  under  the  photosphere  like  gigantic  waterfalls,  diminish- 
ing consequently  the  tnickness  of  the  chromosphere.  That 
this  takes  place  I  shall  give  ample  proof  in  another  communica- 
tion. 

It  seems  evident  that  the  chromosphere  near  a  spot  is  kept 
from  falling  into  the  opening  by  a  force  from  the  interior.  As 
soon  as  this  force  decreases  in  energy,  immediately  the  chro- 
mosphere tends  to  cover  it,  and  even  to  precipitate  itself 
through  the  opening  when  this  force  becomes  extinct  The 
observations  show  this  plainly. 

When  a  spot  is  decreasing,  it  is  quite  common  to  observe 
that  the  umbra  and  penunibra  appear  as  if  they  were  seen 
through  a  heavy  fall  of  snow,  their  surfaces  being  covered  by 
numerous  bright  flocculent  granulations  surrounded  by  a  kind 
of  bluish  fog.  In  a  few  instances  of  very  rare  definition,  I  have 
been  surprised  to  see  faint  traces  of  this  fiocculent  appearance 
upon  almost  all  the  spots ;  indeed  it  would  seem  that  tne  spots 
are  rarely  free  from  some  faint  traces  of  the  chromospheric 
gases.  Probably  the  bright  flocculent  objects  observed  upon 
the  umbra  and  penumbra  of  spots,  are  the  granulations  of 
the  chromosphere  dissolved  to  a  greater  or  less  degree  by  the 
forces  emanating  from  the  spots. 

Perhaps  it  may  not  be  idle  to  remark  that,  during  the  period 
mentioned,  I  have  almost  every  day  observed  small  groups  of 
faculae  in  the  polar  regions,  especially  near  the  north  pole  of 
the  sun ;  while,  for  the  most  part,  they  have  been  entirely 
absent  from  the  equatorial  regions,  where  they  are  commonly 
found. 

To  conclude,  my  observations  show  : 

1.  That  during  this  year,  and  especially  during  the  interval 
from  June  10  to  August  18,  and  to  a  less  degree  to  September 
14,  the  chromosphere  has  been  notably  thinner  than  usual  upon 
the  entire  surface  of  the  sun. 

2.  That  the  granulations  have  been  smaller  and  less  nu- 
merous. 

3.  That  the  light-gray  colored  background  seen  between  the 
granules  has  been  more  conspicuous  and  has  occupied  more 
space  than  usual. 

4  That  there  are  spots,  which  I  have  named  **  veiled  spots," 
which  are  seen  through  the  chromospherewhich  is  spread  over 
them  like  a  veil. 

5.  That  these  veiled  spots  are  true  openings  of  the  photo- 
sphere, like  those  of  the  ordinary  spota 


176  R  BiBmg9—Struetim  i/ ObotOa  ekramaiio^ 

8.  That  dariDg  this  period  these  spots  have  been  larger, 
darker,  and  more  numerous  than  I  have  before  seen  them. 

7.  That  the  veiled  spots  are  scattered  throughout  all  lati- 
tudes, though  more  complicated  in  the  regions  where  the  ordi- 
nary Rpots  make  their  appeanmca 

8.  That  I  have  observed  spots  at  least  within  10^  of  the  north 
pole  of  the  sun. 

9.  That  the  flocoulent  objects  sometimes  seen  projected  upon 
the  umbra  and  penumbra  of  spots  are  the  remaining  portion  of 
the  granulations  composing  the  chromosphere,  more  or  less  dis- 
solved by  the  forces  emanating  from  the  interior  of  the  photo- 
sphere. 

Gambridse,  Ootobw  1,  lSt5. 


Abt.  XX. — On  the  structure  of  Oboldia  chramatioa  ;  by  K 

BiLLiNoa,  F.G.S. 

The  genus  Obcldla  was  founded  in  1861,*  on  the  following 
three  species  of  Brachiopoda : 

1.  0.  chrcmatioa^  discovered  by  J.  Bichardson  in  1861,  at  a 
place  called  ''L'Anse  au  Loup,"  on  the  north  shore  of  the 
Straits  of  Belle  Isle,  in  Labrador. 

2.  0.  craasa  Hall,  from  Troy,  in  the  State  of  New  York. 
8.  0.  poliia  Hall,  from  Wisconsin. 

Uga.  1, 9.— Yentnl  Tal76B.  The  beak 
is  noC  seen  in  ^ther  ol  the  specimenB. 

Fig.  3. — ^Diagnm  Bhowing  the  posi- 
tion of  the  seen  in  the  dorsal  TslTes. 
All  these  figures  are  enlarged  about  2^ 
diameters. 

The  specimens  exhibited  the  internal  characters  very  imper- 
fectly, yet  enough  was  seen  to  convince  me  that  the  genus  was 
a  new  one.  During  the  fourteen  years  that  have  elapsed,  I 
have  received  a  number  of  letters,  from  both  American  and 
European  authors,  inquiring  for  more  complete  details  of  the 
structure  of  0.  chromaltcOj  which  has  always  been  considered 
to  be  the  typa  This  information  I  was  unable  to  give,  for 
want  of  the  facts.  We  are  now  in  possession  of  specimens 
showing  the  interiors  of  both  valves,  almost  completely.  The 
following  are  the  characters  as  nearly  as  they  can  oe  made  out : 

In  the  ventral  valve  there  is  a  groove  in  the  hinge  line,  for 
the  passage  of  the  pedicel.  On  each  side  of  the  groove  there  is 
a  small,  somewhat  deeply  excavated  cardinal  scar.  In  the 
cavity  of  the  valve  there  are  two  elongated  scars,  which  extend 

*  Geology  of  Oanada,  Palsoaoio  Fossils,  vol,  i,  p.  7, 1S6I. 
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fifom  near  the  cardinal  scars  forward  about  two-thirds  of  the 
length  of  the  shell.  These  diverge  from  each  other,  more  or 
less,  in  their  extension  forward,  and  are  usually  curved  but 
sometimes  nearly  straight  They  may  be  called  laterals. 
They  are.  in  general,  separated  from  each  other  about  one-third 
of  the  width  of  the  shell  A  little  above  the  mid-length,  and 
between  the  two  laterals,  there  is  a  pair  of  small  scars  Hrranged 
transversely,  with  their  inner  extremities  directed  somewhat 
forward.  The  space  above  these  two  scars,  between  the  upper 
portion  of  the  laterals,  is  generally  tumid  from  the  thickening 
of  the  shell.  In  one  of  the  specimens  there  is  a  small  pit  in  the 
center  of  this  space. 

The  dorsal  valve  has  a  small  area,  or  nearly  flat  hinge  facet 
The  minute  beak  is  slightly  incurved  over  the  edge  of  the  area. 
Beneath  the  beak  there  is  a  small  sub-angular  ridge,  on  each 
side  of  which  there  is  a  cardinal  ?  scar.  The  elongated  scars, 
which  seem  to  correspond  to  the  laterals  of  the  ventral  valve, 
are  here  altogether  in  the  upper  half  of  the  shell.  They 
diverge  widely  in  their  extension  forward.  They  are  in  general 
very  slightly  impressed,  and  would,  most  probably,  escape  the 
observation  of  any  one  who  did  not  expect  to  find  scars  where 
they  are  situated.  In  the  cavity  of  the  valve  there  is  a  low 
rounded  median  ridge,  which  extends  from  a  point  near  the 
hinge  line  forward  a  little  below  the  raid-length  of  the  valve. 
About  the  middle  of  the  shell  there  are  two  small  scars.  These 
are  usually  striated  longitudinally.  The  median  ridge  passes 
between  them.     The  area  is  coarsely  stnated. 

The  above  are  the  principal  characters  of  this  species,  and 
they  are  subject  to  some  variations,  one  of  which  is  particularly 
worthy  of  notice.  The  two  small  cardinal  scars  of  the  dorsal 
valve  are  sometimes  elongated  laterally.  This  is  carried  to 
such  an  extent  in  another  species  (0.  gemma)  that  they  not 
only  extend  the  whole  length  of  the  hinge-line,  but  are  curved 
forward  at  their  outer  extremities  and  continued  down  into  the 
cavity  of  the  valve.  In  such  cases  they  present  an  appearance 
similar  to  that  of  the  groove  beneath  the  hinge-line  of  tne  genus 
OboleUina.  In  other  species  of  this  genus  the  lateral  scars  of 
the  dorsal  valve  are  sometimes  connected  together  by  their 
upper  extremities.  But  this  is  not  a  constant  character.  In 
ditt'erent  individuals,  of  the  same  species,  these  scars  are  either 
connected  or  not  The  laterals  are  also  sometimes  connected 
with  the  cardinals. 

The  following  are  the  original  figures  published  in  the  Pale- 
ozoic Fossils,  p.  7,  (1861) : 

^  f  Fig.  4,   a,   Ventral  valve;  6,  dorsal;  c,  interior  ol 

>v  ^^  5^  ^  ventral  valve,  showing  the  muscular  impression ;  d,  out- 

^^  ^^  CJ^  W  ^^®  ^^  A  Bide  view,  restored  from  detached  valvea. 

^%i^  ^S^  \^  ^  Natural  size. 

Flc.4 
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In  the  description  it  is  said :  ^'  Moscnlar  impressions  in  the 
ventral  valve,  lour ;  one  pair  in  front  of  the  beak,  near  the  mid- 
dle or  in  the  upper  half  of  the  shell."  The  pair  here  alladed  to 
are  the  laterala  Their  upper  and  lower  extremities  are  some- 
times not  visible,  and  what  remains  occupies  the  middle  por- 
tion of  the  length  of  the  shell  The  expression  ''  or  in  the 
upper  half,"  I  can  thus  explain :  I  had  the  dorsal  valve  of 
O.  cToasa^  from  Troy,  which  I  then  supposed  to  be  a  ventral 
valve.  In  this  the  laterals  are  in  the  "upper  half.*'  The  trans- 
verse scars  were  not  then  observed  and  hence  four  scars  instead 
of  six.  It  must  be  borne  in  mind  that  fourteen  years  ago  noth- 
ing was  known  of  the  internal  characters  of  these  sheila  The 
materials  were  imperfect  and  consequently  so  was  the  descrip- 
tion. It  is  now  certain  that  the  ^nus  is  a  good  one  and  that 
all  of  the  three  species  on  which  it  was  founded  belonged  to  it 

The  described  species  which  I  consider  to  be  truly  within  the 
genus  are :  0,  chramcUwOj  0.  poUtou  O.  creuMi,  O.  nana^  and  O. 
gemmcL  They  all,  so  &r  as  is  vet  known,  are  confined  to  the 
Potsdam  Epoch.  A  number  of  other  species  have  been  referred 
to  the  genus,  but  they  are  all  more  or  less  doubtful 

The  specimens  which  have  furnished  the  above  additional 
details  of  the  structure  of  0.  chfxnnatica  were  collected  at 
L'Anse  au  Loup,  the  only  place  where  the  species  has  been 
found,  in  186^,  by  T.  C.  Weston  of  our  Survey,  and  by  him 
very  skilfully  worked  out  of  the  matrix. 


Art.  XXL — On  the  DammUig  of  Streams  by  drifi  ice  during  the 
melting  of  the  great  Qlacier ;  by  J.  D.  Dana. 

When  treating  of  the  overflows  of  the  flooded  Cionnecticut, 
in  the  Supplementary  December  Number  of  this  Journal,  (p. 
497,)  I  suggested,  in  view  of  the  fact  that  the  terraces  in  the 
Farmington  Valley  about  TarifviUe  and  Simsbury  are  at  least 
50  feet  nigher  than  those  a  mile  eastward  in  the  parallel  Con- 
necticut valley — ^that  the  gorge  through  the  Divicte  Range,  by 
which  the  Farmington  river  there  passes  into  the  Connecticut 
valley,  had  been  closed  by  drift  and  so  remained  until  the  flood 
had  reached  its  height 

I  allude  to  this  subject  again  to  add  that  the  events  connected 
with  the  opening,  in  the  Spring,  of  many  of  our  modern  ice- 
covered  streams  aiford  abundant  reason  for  believing  that, 
during  the  breaking  up  of  the  long  Glacial  winter,  when  the 
melting  was  going  forward,  the  gaps,  gorges  or  narrows,  along 
the  river  courses,  would  have  been  liable  to  obstruction  by 
floating  ica 
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(a)  Such  obBtractioDfl  would  have  been  of  all  grades,  from 
that  which  could  simply  impede  the  free  flow  of  the  waters,  to 
the  nearly  perfect  dam. 

(b)  The  obstructionB  in  particular  cases  might  have  exbted 
for  a  very  Ions  era,  instead  of  for  a  few  weeks  such  as  hap- 
pens after  a  modem  winter. 

(c)  Again,  the  slackened  or  suspended  flow  of  the  water, 
caused  by  such  ice-obstructions,  would  have  &vored  the  depo- 
sition and  accumulation  about  them  of  drift,  and  some  may 
have  thus  been  converted  into  complete  dams.  This  process 
might  occasionally  have  wholly  fiUcni  with  earthy  material  a 
gorge  or  narrow  valley,  so  as  to  block  up  and  divert  the  course 
of  we  stream. — The  well-known  case  of  Niagara  Biver  may  be 
an  example  of  this. 

In  view  of  these  possible  results,  or  rather  these  probable  con- 
ditions of  many  river- valleys  in  the  era  of  the  Qlacial  flood,  we 
are  required  to  consider  whether  the  height  of  the  upper  terraces 
above  the  narrows  on  the  several  rivers, — ^the  Thames  below 
Norwich,  the  Connecticut  below  Middletown,  the  Housatonic 
below  Derby,  Westfield  Biver  below  Westfield,  and  Farmington 
Biver  east  of  Tarifdlle — ^was  not  partly  owing,  in  each  case,  to 
the  existence  of  ice-obstructions  at  the  narrows. 

It  seems  to  be  very  probable  that  this  was  so.  The  height  of 
modem  spring  floods  in  the  Connecticut  at  Middletown  and 
Hartford  is  now  often  due  in  part  to  this  very  cause. 

It  appears  to  be  certain,  that  if  such  obstructions  existed  in 
the  Thames,  Connecticut  and  Housatonic  valleys,  they  were 
only  partial  obstructions ;  for,  in  the  case  of  each,  the  terrace  of 
the  valley  below  the  narrows  declines  quite  gradually  in  height 
from  the  level  above  the  narrows,  instead  of  abruptly.  Had 
the  waters  been  held  back,  up  to  the  height  of  the  high  upper 
terrace,  by  a  close  dam,  they  would  have  fallen  over  the  dam 
with  a  plunge  to  a  lower  level ;  and  this  abrupt  fall  would  have 
been  registered  by  means  of  an  abrupt  fall  in  the  level  of  the 
terrace.  Instead  of  this,  the  terrrace  on  passing  the  narrows 
southward  falls  off  at  a  rate  not  exceeding  10  feet  a  mile,  vary- 
ing in  rate  only  with  the  varying  width  of  the  valley :  a  fact 
that  seems  to  testify  to  the  vastness  of  the  flood  as  its  cause, 
and  not  mainly  to  obstructions.  Moreover,  the  material  of  the 
terraces  below  the  narrows  is  like  that  above :  the  same  in  the 

Ere  valence  of  sands  below  and  coarse  gravel  at  top, — ^though 
aving  the  latter  of  greater  coarseness  because  oi  the  more 
rapid  flow  of  the  stream  along  a  narrower  valley. 

Further  evidence  with  reference  to  the  existence  of  such  ice- 
barriers  is  to  be  looked  for  in  a  distribution  of  gravel  and  large 
bowlders  across  the  valley  just  above  the  gorge  or  narrows,  where 
the  ice-masses  had  been  brought  to  a  stop  and  piled  together; 
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for  much  of  the  floating  ioe  would  have  been  loaded  with 
bowlders.  I  have  as  yet  observed  no  satisfactory  evidence  of 
this  kindf  but  think  the  question  needs  more  investi^tion. 
Even  if  this  evidence  fails,  we  can  hardly  assert  that  no  aid  was 
afforded  by  ice  in  producing  the  great  height  of  the  flood- waters 
above  the  narrows,  or  doubt  that  ice-bamers  made  of  drift  ice 
had  much  to  do  with  the  height  and  extent  of  the  upper  ter- 
races in  portions  of  many  other  valleys. 

There  are  two  questions  which  should  have  here  a  word. 

1.  May  not  the  obstructions  or  dams  have  been  made  bv  (he 
Glacier  itself  f  On  this  point  we  observe  that  the  extent  of  the 
terrace  formations  along  the  valleys, — sometimes  a  score  of 
miles  in  width  even  in  New  England— show  that  water  swept  in 
immense  streams  over  the  surface ;  and  thus  they  seem  to  prove 
that  the  glacier  was  already  out  of  the  lower  part  of  the  valleys, 
and  hence  too  fiu*  awav  to  have  obstructed  the  flow  except 
through  the  pieces  set  anoat  by  its  dissolution. 

2.  Were  not  the  dams  due  to  radcy  barriers  at  the  narrows^  or  to 
the  non-eoccavation  of  the  vaUeyfrom  Ae  narrows  southuHtrd  f  The 
features  of  the  r^on  about  the  narrows  on  each  of  the  rivers 
mentioned,  and  of  the  valleys  below,  suggest  decidedly  that 
the  vallevs  had  nearly  the  same  depth  and  extent  then  as  now. 
The  gradual  decline  m  the  height  of  the  terrace  on  going  from 
the  narrows  southward  to  the  Sound  shows  that  Sn  was  one 
valley,  the  part  above  the  narrows  and  its  continuation  below. 
The  terraces  below  the  narrows,  moreover,  are  built  up  in  gen- 
eral from  the  present  bottom  of  the  valley,  or  from  a  lower  depth, 
and  this  points  to  a  depth  for  the  valley  as  great  as  now  or 
greater,  it  cannot  be  urged  that  the  lower  portions  of  the  ter- 
races were  made  after  the  upper.  Wherever  the  hills  on  one 
side,  at  the  narrows,  retreat  so  as  to  give  a  chance  for  hieh  ter- 
race deposits,  there  these  deposits  are  usually  found,  and  some- 
times tne  beds  rise  abruptly  from  the  water  s  edge  to  the  level 
of  the  highest  terrace ;  andf  on  the  Connecticut,  in  a  place  of 
this  kind  above  Middle  Haddam,  the  bottom  layers  are  of  clay — 
like  the  lower  layers  in  much  of  the  stratified  drift  on  the  river. 

In  fact,  the  conditions  of  the  terrace  deposits  of  the  valley,  as 
well  as  the  features  of  the  valley  itself,  are  explicable  only  on 
the  view  that  the  part  of  each  valley  below  the  narrows,  like 
the  rest  of  it,  the  narrows  included,  had  been  made  before  the 
Champlain  period  opened.  The  Glacial  period  was  the  era  of 
valley  excavation  rather  than  the  Champlain  period. 
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Abt.  XXn. — Sliding  Friction  on  an  Inclined  Plane;  by  A.  S. 
Kimball,  Professor  of  Physics  in  the  Worcester  (Mass.) 
Institute  of  Industrial  Science. 

The  following  investigation  was  undertaken  with  a  desire  to 
demonstrate,  if  possible,  by  a  laboratory  experiment^  that  the 
law  which  affirms  that  the  coefficient  of  sliding  friction  is  con- 
stant for  all  velocities  is  not  strictly  true. 

Our  results  seem  to  establish  the  point,  at  least  in  the  case 
of  bodies  sliding  down  an  inclined  plane.  I  am  aware  that  the 
truth  of  this  law  has  been  questioned;  indeed  the  opinion  of 
very  many  practical  mechanics  is  directly  opposed  to  it  Long 
ago  Prof.  Playfair  remarked,  as  the  result  of  some  observations 
msAe  at  the  slide  of  Alpnach,  that  it  would  appear  that  friction 
is  neither  proportioned  to  the  pressure  nor  independent  of  the 
velocity.  Later  observations  made  at  the  launching  of  the 
Raritan  and  the  Princeton  (Jour.  Frank.  Inst,  8d,  VII,  108) 
showed  that  the  coefficient  of  friction  just  before  the  vessel  left 
the  ways  was  much  less  than  during  the  first  five  seconds  of  its 
motion.  More  recent  still  are  the  experiments  of  M.  Bochet 
(Comptes  Bendus,  April  26,  1858,)  upon  the  friction  of  railway 
carriages  and  brakes,  which  point  to  the  same  conclusion ;  in- 
deed the  author  goes  so  far  as  to  give  the  form  of  the  function 
which  expresses  the  variation  of  the  coefficient  of  friction  with 
the  velocity,  and  gives  approximate  values  to  its  constants  for 
the  case  of  railway  trains.  His  formula  is  copied  by  Weisbach 
with  a  caution. 

Opposed  to  these  views  are  the  careful  experiments  of 
Coulomb  and  Morin,  upon  which  the  statements  of  our  text- 
books are  founded. 

Theapparatus  used  in  our  experiments  wassimple,  but  it  seems 
capable  of  giving  very  sharp  and  reliable  results.  A  smooth 
pine  plank  10'xl2''x2''  was  firmly  placed  at  a  measured  angle 
with  the  horizon  and  supported  throughout  by  stout  beams. 
Upon  this  plank  was  a  weight  box  with  pine  runners,  having  a 
bearing  surface  of  24  square  inches.  The  cover  of  the  box  was 
about  six  feet  in  length,  and  upon  it  were  placed  slips  of  smoked 
glass.  Firmly  fixed  above  the  glass,  to  an  independent  sup- 
port, was  a  verified  tuning  fork  of  435  complete  vibrations  per 
second,  carrying  a  style  which  lightly  touched  the  glass  surface 
beneath  it  The  weight  box  was  supported  in  position  at  the 
upper  end  of  the  inclined  plane  by  a  cord  fastened  to  a  screw 
which  served  to  give  the  box  a  very  slow  upward  motion.  At 
the  proper  time  the  screw  was  turned,  the  fork  vibrated,  the 
cord  cut  or  burned  off",  and  the  box  allowed  to  slide  to  the  bot- 
tom of  the  plane.     The  style  of  the  fork  at  the  same  time 


182    A.  &  Kimhatt — Sliding  FUelim  an  an  Indined  Plane. 

woald  trace  upon  the  smoked  glaas  a  waved  line,  which  would 
be  a  perfect  aatomphic  raster  of  the  experiment  The  time 
of  aliaing,  the  veTocity  at  any  point,  the  aistance  passed  over 
in  any  unit  of  time,  could  all  be  measured  or  counted  directly 
from  the  smoked  glasa 

The  graphical  method  of  working  up  the  experiment  was 
employed,  as  follows :  The  bottom  of  a  sheet  of  section  paper 
was  made  a  **time  line"  (^^j  of  a  sec.=  a  unit).  At  various 
points  on  this  line  the  corresponding  velocities  were  erected  as 
ordinates.  The  equation  of  a  line  connecting  the  upper  ex- 
tremities of  these  orainates  would  express  the  law  of  the  motion 
studied. 

It  is  evident  that  this  line  would  have  been  straight  if  the 
acceleration  of  the  slide  had  been  uniform,  like  that  of  a  body 
fsdling  in  vacuo.  If,  however,  a  variable  resistance  be  opposed 
to  the  motion  of  the  slide,  the  acceleration  wiU  no  longer  be 
uniform,  and  the  line  will  become  curved,  concave  toward  the 
axis  of  abscissas,  if  the  resistance  is  increasing,  convex  if  the 
resistance  diminishea  The  acceleration  of  such  a  motion  at  any 
time  will  be  proportional  to  the  tangent  of  the  angle  which  the 
direction  of  tne  curve  at  that  point  makes  with  the  time  line.  It 
is  also  evident  that  such  acceleration  mav  at  once  be  measured 
from  the  paper,  since  it  is  the  difference  between  the  velocities 
for  two  successive  units  of  time.  The  curve  constructed  as 
above,  from  every  experiment  made,  was  decidedly  convex 
toward  the  time  line,  showing  a  constantly  decreasing  resistance 
to  the  motion  of  the  slide  as  the  velocity  increased.  If  we 
assume  that  this  increase  in  acceleration  was  due  to  a  dimin- 
ished coefficient  of  friction,  the  value  of  the  coefficient  for  any 
time  may  be  found  in  the  following  manner : 
Let  a,  b,  and  h=  the  altitude,  base,  and  length  of  the  inclined 
plane. 
W=  weight  of  the  slide  and  content& 

W=  normal  pressure  on  the  plane,  =  W.j-. 

g=  acceleration  of  a  body  falling  freely. 

5r'=  theoretical  acceleration  of  the  slide  =g'-r' 

g"=^  the  observed  acceleration  at  any  tima 

TP" 

Then  the  resistance  of  friction  =jP=  — (g'—gf')^  and  the  co- 
efficient of  friction  =■  a>=   -,557  =     "^   .  —  =  (-r  —  —  I  ^  = 

H^  g  \h       g )  h 

T 1=  tangent  of  inclination—  ^~r. 

h       gh       ^  gb 

The  following  tables  give  the  results  obtained  from  a  series 
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of  four  experiments.  The  load  in  every  case  was  40  lbs.  The 
inclinations  of  the  plane  were  as  follows :  No,  I  =  16°  6',  No. 
2  =16'  9',  No.  3  =17°  5'.  No.  4  =18=  9'. 

Table  A  shows  the  accelerations  oorreaponiling  to  different 
Telocities  in  the  four  experiments.  The  units  used  are  the 
Ti'jt  of  an  inch  and  the  iJ]  of  a  second. 


■036 
■044 
■053 
■059 


■038 
■058 
■070 


110 
120 


176 


Table  B  shows  the  coetEcients  of  friction  in  each  experiment, 
deiiuced  by  substituting  the  observed  accelerations  given  io 
Table  A  in  the  formula  given  above.  The  observed  accelera- 
tioDS  were  of  course  reduced  to  feet  in  a  second. 


TabuB. 

VelodtiM. 

Coeffidoita  of  MctUnL 

Hxptl. 

2. 

3.               4. 

4 

•260 

•278 

10 

■252 

•261 

■270             -286 

IS 

■246 

■264 

■261             ^270 

20 

■243 

■248 

■264             ^260 

2fi 

•240 

.246 

■260             -265 

ao 

■287 

■242 

■246             ^260 

40 

■283 

■236 

•240             -242 

60 

■230 

■232 

•236             -236 

e« 

-228 

■830 

•231              -232 

70 

•226 

■228 

■227             •231 

80 

•224 

■226 

-226             •226 

00 

•823 

•224 

■224              223 

100 

■222 

■223 

■221             -222 

110 

■222 

•220             ■280 

120 



■220 

■217 

From  the  tables  it  will  be  observed 

:  lat  That  with  a  eiven 

iDclination  of  the  plaDe, 

the  coefficient  of  friction  decreases  as 
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the  velocity  increases,  rapidly  at  first  bat  more  slowly  after- 
ward. 2d.  With  the  same  velocityi  the  coefficient  of  friction 
is  greater  the  greater  the  inclination  of  the  plane,  within  the 
limits  of  the  experiments.  8d.  The  coefficient  of  friction  in 
each  experiment  tends  toward  a  constant  quantity.  4th.  This 
constant  seems  to  be  the  same  in  each  experiment 

No  simple  expression  which  will  show  the  variations  in  the 
coefficient  of  friction  has  yet  been  found ;  indeed,  I  have  not 
thought  best  to  attempt  to  formulate  the  work  till  certain 
errors,  which  will  be  reterred  tcr,  have  been  corrected.  It  was 
found  impossible  to  procure  a  plank  with  a  perfectly  uniform 
surface.  The  one  used  in  the  experiments  given  showed  at 
the  same  inclination  and  velocity  a  coefficient  which  slightly 
but  regularly  increased  from  one  end  to  the  other.  The  end 
which  gave  the  lower  coefficient  was  placed  uppermost  The 
obvious  result  of  this  was  to  make  the  coefficients  in  Table  B 
at  high  velocities  greater  than  they  otherwise  would  have  been. 
This  fact  also  explains  the  apparent  anomaly  in  columns  3  and 
4  of  the  same  table,  where  tne  coefficients  at  hi^h  velocities 
are  seen  to  fall  below  the  corresponding  coefficients  in  col- 
umn 2. 

In  experiment  4  the  slide  had  the  velocity  120  at  a  distance 
of  40  inches  from  the  upper  end  of  the  plane ;  in  experiment  2 
it  did  not  acquire  that  velocity  until  it  had  passed  over  a  dis- 
tance of  60  inches,  and  consequently  was  on  a  rougher  portion 
of  the  plana  The  uniformity  of  the  plane  was  tested  by  start- 
ing the  slide  at  different  points  along  its  length,  and  comparing 
the  curves  on  the  smoked  glas&  These  experiments  have  not 
been  corrected  for  the  resistance  of  the  atmosphere.  The 
effect  of  such  a  correction  would  be  to  diminish  still  more  the 
coefficients  at  high  velocitiea 

As  the  inclination  of  the  plane  increases  the  normal  pressure 
decreases.  Thinking  that  this  change  of  pressure  might  explain 
a  part  of  the  difference  due  to  a  change  of  inclinations,  we 
made  three  experiments  at  the  same  inclination,  with  weights 
of  18,  80  and  140  lbs.,  in  the  box.  At  the  end  of  one  second 
we  found  the  velocities  in  the  three  cases  to  be  as  1,  I'lS  and 
1*82,  showing  a  less  resistance  in  the  case  of  the  greater  load, 
and  corresponding  to  a  decrease  of  about  2^  per  cent  in  the 
coefficient  of  friction.  This  seems  to  be  insufficient  to  explain 
the  change  in  the  coefficient  when  the  inclination  of  the  plane 
is  changed.  But  it  is  interesting  as  showing  that  in  the  case 
of  pine  on  pine  friction  is  not  strictly  proportional  to  the  nor- 
mal pressura 

As  soon  as  possible  we  propose  to  repeat  these  experiments, 
extending  the  range  of  velocities,  also  to  try  the  effect  of  a 
change  of  pressure,  with  a  view  to  formulate  deviations  from 
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Ae  received  laws,  if  simple  expressions  can  be  found.  We 
have  also  designed  a  modification  of  apparatus  to  test  our 
results  when  a  uniform  motion  is  given  to  the  slida 

The  experiments  in  the  series  (nearly  100  in  number)  and  a 
greater  {Mui;  of  the  computations  have  been  very  carefully 
made  by  Messrs.  ButteriSeld  and  Wilson,  students  in  the 
department  of  Physics. 


Abt.  XXm. — On  the  constitutional /ormulcB  of  Urea^  Uric  Acid, 
and  their  derivalivea  ;  by  Professor  J.  W.  Mallet,  University 
of  Virginia. 

Few  classes  of  organic  compounds  have  given  rise  to  more 
difference  of  opinion  amongst  chemists  than  that  which  includes 
area  and  its  conjugates. 

The  remarkable  number  of  such  compounds,  their  compli- 
cated relationships,  the  varied  circumstances  of  their  production 
and  decomposition,  and  their  variety  of  chemical  character, 
have  led  to  nearly  every  one  of  them  being  viewed  in  several 
different  lights,  and  represented  by  several  different  formulse, 
by  those  who  have  given  the  subject  special  attention. 

The  structure  of  the  simple  molecule  of  urea  itself  is  by  no 
means  settled.  The  arguments  of  Heintz*  and  Kolbef  in  mvor 
of  the  view  that  urea  is  identical  with  carbamide  (H,N— ^0 
— NH,)  have  been  opposed  by  the  observation  of  Wanklyn 
and  Gaaigee:^  as  to  the  behavior  of  urea  (unlike  that  of  admitted 
amides)  when  oxidized  by  an  alkaline  solution  of  potassium 
per-inanganate.      The  latter  chemists  proposed  the  formula 

( (NH)'' 
C  •<  NH,,  but,  as  Watts  remarks  in  his  Dictionary  of  Chem- 

(OH 
i8try,§  without  assigning  specific  reasons  (other  than  the  dif- 
ference of  behavior  just  noted)  for  adopting  this  instead  of  the 
carbamide  formula  which  they  reject  Wolcott  Gibbs  |  inde- 
pendently put  forward  the  same  view,  but  did  give  some  of  the 
grounds  upon  which  it  was  adopted  by  him.  It  has  also  been 
proposed  to  represent  urea  as  0=C=NHj — NH^,  in  which 
formula  one  of  the  nitrogen  atoms  is  pentad.  Most  recent 
writers  of  text-books,  however,  as  Fittigl  and  Naquet,**  seem 
to  have  fallen  back  upon  the  view  that  urea  is  simply  carb- 

♦  Ann.  der  Chem.  u.  Pharm.,  cxl,  276 ;  cl,  13.      f  Zeitschr.  fur  Chem.,  n,  ili,  60. 

i  Jour.  Chem.  Soc.,  Jan.,  1868,  31.  §  Ist  SuppL,  1116. 

J  Amer.  Jour.  Sci.,  II,  xlvi,  290,  Nov.,  1868. 

1  Wohler's  Gnindrias  der  org.  Chem.,  8te.  Aufl.,  206. 

♦♦  Principes  de  Chimie,  troisdme  6d.,  t.  ii,  632-533. 

Ax.  JouB.  Sgi.—Third  Sbrim,  Vol.  XI,  No.  68.~Mabch,  1878. 

13 


186         J.  W.  MaTUit-^-OoinMuthnal  fomulm  ^  Urea, 

amida  Bunte*  has  snggeeted  as  the  meazis  of  deciding  between 
these  opinions  the  determination  of  the  maximnm  number  of 
isomeric  prodacts  obtainable  from  the  body  in  question  by 
sabstituting  an  alcoholic  radical  for  hydrogen. 

The  most  obvious  point  of  difference  between  the  three  for- 
mulaa  above  mentioned  consists  in  the  first  being  symmetrical 
while  the  others  are  not  sa  If  urea  be  carbonic  diamide  (1), 
viz: 

1.  1.  8. 


H— N--H 

H— N— H 
H-*N— H 

H— N— H 

i 

i 

H— N— H 

-H 


d— O— ] 

jr 


the  two  nitrc^n  atoms  are  placed  exactly  alike,  and  so  are  the 
four  atoms  of  hydrogen,  if  the  third  formula  (2)  be  adopted, 
the  two  nitrogen  atoms  will  be  unlike,  while  there  will  be  two 
pairs  of  bydro^n  atoms  with  no  difference  between  the  mem- 
oers  of  each  pair.  But  if  the  formula  (S)  be  the  true  one,  the 
two  nitrogen  atoms,  while  exhibiting^  the  same  atomiciW,  are 
dissimilarly  connected,  and  hydrogen  is  found  in  three  dinerent 
relations  to  the  rest  of  the  molecule,  only  two  atoms  of  the  lat- 
ter element  being  quite  alike  in  position.  Clearly  we  should 
the  rather  expect  from  this  highly  unsymmetrical  disposition 
of  the  atoms  such  a  number  and  variety  of  substituted  and 
conjugated  products  as  urea  actually  affords. 

but  not  only  does  this  last  view  enable  us  easily  to  account 
for  the  lar^e  class  of  derivatives  furnished  bv  the  substance  in 
question,  but  it  seems  to  lend  itself  remarkably  well  to  the 
explanation  of  the  special  character  which  these  derivatives 
severally  exhibit,  whereas  many  of  the  formulae  hitherto  pro- 
posed for  the  **  ureides''  differ  much  from  those  of  other  bodies 
of  the  same  type,  the  acid  or  basic  character,  d^^ree  of  basicity, 
etc,  not  being  satisfactorily  accounted  for.  In  this  respect 
Wanklyn,  Gamgee  and  Giobs  seem  scarcely  to  have  done 
justice  to  the  merits  of  the  formula  they  suggested,  and  I  pro- 
pose by  a  few  examples  of  the  better  known  substances  related 
to  urea  to  illustrate  the  advantages  of  assuming  for  it  this 
molecular  constitution.  In  doing  so  I  have  to  suggest  a  struc- 
tural composition  for  most  of  the  conjugated  bodies  spoken  of 
unlike  that  which  Gibbs  has  adopted  in  the  paper  above 
referred  to.  It  will  conduce  somewhat  to  clearness  to  use  fully 
expanded  graphic  formulae,  and  for  the  conjugated  compouncis 
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to  use  dotted  lines  to  represent  the  bonds  connecting  residues 
derived  from  different  moleculea* 

Let  then  urea  be  represented  by  the  last  formula,  No.  8, 
derivable  from  ammonium  cyanate 


1.  AmmoniuiD  cyanate. 
H  HH   H 


I 


M 

"IT 

i 


I 


2.  Ammoniiim  oarbamate. 
H  HH  H 

i     U 


1 


by  intermolecular  transposition,  and  from  ammonium  carb- 
amate by  change  of  the  same  sort  with  elimination  of  water. 
In  both  cases  one  of  the  two  nitrogen  atoms  shows  the  usual 
tendency  to  revert  from  pentad  to  triad  character  by  elevation 
of  temperature. 

The  direct  compounds  of  urea  (like  those  of  ammonia)  with 
acids  involve  a  re-assumption  of  pentad  relation  by  this  one 
atom  of  nitrogen;  not  by  both,  as  we  might  expect  if  they 
were  alike  in  position  in  the  molecule ;  as,  for  instance,  in  the 
case  of  urea  nitrate. 

Urea  and  merouric  oxide.    Urea  and  sodium  chloride. 


Nan-, 
CI—'' 


H 

I 
IN— H 

C— 0— H 


H«-0-,      I 

— N— H 
Hg— 0-i~| 

0— O— H 

Similar  relations  are  entered  into  with  some  metallic  oxides,  as 
for  instance,  mercuric  oxide,  and  certain  salts,  as  with  sodium 
chloride. 

1.  Ethyl-urea  (basic).  2.  Normal  di-ethjl-urea  (basic). 

HHH  HHH         HHH 

III  III  III 

— c-  —0""  ~o- 

H— 0— H  H— C— H      H— 0— H 
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*  Some  of  these  graphic  formulae  would  look  rather  simpler  and  better  were  it 
not  for  difflcoity  on  the  part  of  the  printer  in  using  otHique  lines  with  movable 
tTpe. 
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Products  of  substitution  by  alcoholic  radicals,  in  which  the 
urea  type  and  character  are  preserved^  are  exemplified  hy  ethyl- 
urea,  CjHgNjO,  in  which  one  of  the  two  similarly  related 
hydrogen  atoms  is  replaced,  and  by  normal  di-ethyl-urea, 
C^H,  jN.O,  in  which  the  replacement  extends  to  both  of  these 
atoms.  One  hydro^n  atom  of  this  pair  and  another  (unlike) 
atom  at  the  same  tmie  are  probably  replaced  in  the  isomeric 
di-ethyl-urea,  and  tri-ethyl-urea,  if  this  compound  really  exist, 
will  represent  the  replacement  of  both  the  similar  and  one  un- 
symmetric  (probably  imide)  atom  of  hydrogen. 

Formulae  for  condensed  ureas  containing  polyatomic  radi- 
cals, such  as  ethylene,  follow  easily  enough  from  the  abova 

In  biuret,  C,H^N,0,,  we  may  suppose  the  residues  of  two 
urea  molecules  united  with  elimination  of  ammonia  from 
unlike  (amidic  and  imidic)  extremities  of  the  chain  of  atoms — 
thus. 

Biuret  (feebly  banc,  unitiiig  (by  ita  amidic  end  probably)  with  one  eqmTalmt  of 
HCl). 

H— N— H 

0— 0— H 
0— O— H 

jr 

i 

this  giving  a  very  obvious  explanation  of  the  formation  of 
biuret  by  heating  urea,  ammonia  being  at  the  same  time 
liberated. 

Conjugated  compounds  of  urea  residues  and  acid  radicals 
form  a  more  numerous  class.  In  these  the  type  of  the  original 
acid  seems  usually  to  predominate,  but  the  urea  residue  modifies 
the  character  of  the  substance  in  different  ways  according  to  the 
mode  of  attachment  This  last  point  seems  to  have  been  the 
chief  one  overlooked  in  the  arrangement  of  most  of  the  struc- 
tural formulsB  hitherto  proposed. 

Thus,  from  carbonic  acid,  CHjO,  (di-basic),  we  get  allo- 
phanic  acid,  C^H^NjO,, 

Carbonic  acid  (dibasic).    Allophanic  add  (monobasic). 
H       H  H—N— H 

0       0  H  C— 0— H 

o  '— 0-  •  • 
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only  one  of  the  two  basic  hydrogen  atoms  present  in  the  orig- 
ioaj  acid  remaining  in  place.  A  comparison  of  allophanic  acid 
thus  viewed  with  the  above  formula  for  biuret  will  nhow  how 
the  latter  is  produced  by  the  action  of  ammonia  upon  ethyl 
allopbasate.  From  acetic  acid,  C,H,0,,  we  have  acetyl-urea. 
CjH.NjO,  (exhibiting  neitlier  acid  nor  basic  character), 


H— C— 0 

a 


I 

C— 0— 

I  : 

-0— c 
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the  one  basic  atom  of  hydrogen  of  the  original  acid  having 
been  rOTilaced  by  the  urea  residue  at  its  imide  extremity. 
From  gfvcollic  acid,  C.H.O,,  we  have  elycoluric  (hydantoic) 
acid,C°H.N,0,.  ^^ 


u 


C— 0— H 


H— 6— 0 

U 

the  urea  residue  replacing  the  methylic  hydroxyl,  while  the 
original  oxatyl  remains  unaffected  and  the  acid  character  is 
preserved.  In  the  formula  for  glycoluric  acid  proposed  by 
Gibba,  viz:  (misprinted  in  his  paper  in  the  transposition  of 
the  —  and  =  in  the  bottom  line) : 

Olj'coluric  add. 
H    H 

lJ_A_HO 


U_H. 
the  mono-basic  character  is  not  obvious,  nor  does  it  readily 
appear  which  is  the  replaceable  (basic)  atom  of  hydrogen. 

If  glycollic  acid  be  differently  conjugated  with  urea,  the 
residue  of  the  latter  attaching  itself  in  place  of  the  basic 
hydroxyl,  and  a  molecule  of  water  being  eliminated,  we  get 
hydantoine,  C,H,N,0,  (1). 
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S.  Gljeoliirile  (neatnO. 
H— K— H  H— N— H 

C— O— H     C 
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By  reference  to  the  formala  proposed  further  on  for  allantoine 
it  will  be  seen  how  simply  the  production  from  it  of  hydantoine 
occurs  with  separation  of  urea.  Glycolurile,  C^H.N^O,,  ap- 
pears (2)  as  the  corresponding  di-ureide  of  gly collie  acid,  and 
Its  relation  to  allantoine  (from  which  it  is  producible  by  the 
action  of  sodium  amalgam)  will  be  easily  seen  by  reference  to 
the  formula  for  the  latter,  although  I  prefer  to  view  these 
bodies  as  derivatives  of  two  different  acid  nuclei.  The  break- 
ing up  of  glycolurile  by  an  acid  in  the  presence  of  water  into 
hydantoine  and  urea  is  easily  traced.  From  oxalic  acid, 
CjHjO^,  we  get  oxaluric  acid,*  C, 


,H,N,0„ 


1.  Oxalic  add  (dibasic).  2.  Ozalmic  add  (monobasio). 
H  H  H— N—H 


3.  Panban. 
H— N— H 


U 
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easily  breaking  up  in  presence  of  water  into  oxalic  aci(    ^na 
urea. 

The  absence  of  well  determined  acid  character  in  paraban 
(parabanic  acid),  C^H^NjOj,  justifies  the  above  formula,  No. 
8,  which  well  explains  Ponomareff'st  synthesis  of  this  body  by 
the  action  of  phosphorus  tri-chloride  on  a  mixture  of  oxalic 
acid  and  urea,  as  well  as  the  ready  conversion  into  oxaluric 
acid  by  assumption  of  water ;  while  the  so-called  metallic  salts 
formed  by  this  body  (including  those  described  by  Menschut- 
kin),t  remarkable  for  their  instability,  may  probably  represent 
merely  the  substitution  of  amidic  hyarogen  in  the  urea  residue, 
as  cholestrophane  results  from  the  substitution  of  both  these 
hydrogen  atoms  by  methyl.  It  will  be  seen  presently  that 
this  formula  makes  paraban  bear  exactly  the  same  relation  to 
oxalic  acid  that  alloxan  does  to  mesoxalic  acid. 

*  There  is  some  misprint  in  the  formula  for  this  add  in  the  memoir  of  Gibbs 
(loa  dt,  p.  292),  sinoe  it  contains  an  atom  of  ozjgen  too  much. 

tBulL  Soc.  Chim.  de  Paris,  II,  zyiii,  97. 
Ann.  der  Ohem.,  drrti,  73. 
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If  in  the  ureic  residue  of  oialuric  acid  we  substitute  hydro- 
gen for  hydroxyl,  we  get  the  ibrmula  for  allanturic  {iantanurio) 
icid,  C,H,N,0„ 

1.  Ailantoric  tcid  (monobaslo).  2.  Allantoine  (neutral). 

H— N— H  H— N— H  e— N— H 

H    C— H  H— O— 0  0— H 

U                     i        i 
l-i  6 0 

U  i       !, 

and  the  mode  io  which  this  acid  is  produced  from  allantoine 
by  assimilation  of  water  and  separation  of  urea  becoinea  evi- 
dent if  we  give  to  allantoine,  CjH,NjO,,  the  following  form- 
ula (2),  viewing  it  as  a  di-ureide  derivative  of  oxalic  acid, 
with  which  it  appears  in  fact  to  be  closely  connected,  producing 
oxalates  by  heating  with  alkaline  solutions,  by  fermentation 
with  yeast,  &c.  By  reference  to  the  formula  proposed  fur- 
ther on  for  uric  acid  it  will  appear  how  this  latter  yields  allan- 
toine on  boiling  an  aqueous  solution  with  lead  aioxide,  the 
middle  carbon  atom  of  the  meaoxalic  acid  residue  being  re- 
moved as  carbon  dioxide,  and  hydroxyl  and  hydrogen  respect- 
ively taken  up  from  a  molecule  of  water  by  the  two  ureic 
residues,  which  at  the  game  time  assume  a  different  mode  of 
attachment  to  the  oxalic  acid  nucleus ;  the  further  action  of  an 
exc-fs.-^  ')f  lead  dioxide  decomposing  the  allantoine  itself,  with 
formation  of  urea  and  lead  oxalate.  The  formula  of  Oibbs  for 
allantoine  (as  for  hydantoine  and  glycolurile)  would  lead  us  to 
expect  an  acid  character,  whereas  such  compounds  as  are 
formed  by  this  body  with  metals  and  metallic  oxides  manifestly 
are  of  the  same  order  as  those  produced  with  similar  substances 
by  urea  itselfl  In  the  other  di-ureide,  viz:  mycomelic  acid, 
C.H.N.O., 

UjQomelio  kdd  (monobuio). 


M 

it      i 
i J 

S  H— N— H 


we  have  an  example  of  what  I  agree  with  Professor  Qibbs  in 
assuming  as  very  probable,  namely,  the  similarity  of  function 
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of  nitrogen  with  two  free  bonds  to  the  outside  oxygen  in 
oxatyl,*  so  that  I  represent  one  of  the  two  such  oxygen 
atoms  in  oxalic  acid  as  replaced  by  a  urea  residue  connecting 
itself  by  its  amidic  extremity,  the  hydrogen  of  the  correspond- 
ing hydroxyl  of  the  acid  retaining  its  basic  character ;  while 
the  second  residue  of  urea,  attached  by  the  opposite  end  of  its 
chain  of  atoms,  replaces  hydroxyl  instead  of  oxygen,  and  thus 
changes  a  di-basic  into  a  monobasic  acid.  Here  we  have  an 
instance  of  what  seems  to  me  the  error  arising  in  many  of  the 
older  formulas  from  considering  merely  the  number  of  atoms, 
with  their  additions  or  subtractions,  without  noticing  the  char- 
acter of  the  compounds  in  question  as  an  indication  of  molec- 
ular structure.  Odlingf  says  of  mycomelic  acid  that  it  bears 
"exactly  the  same  relation  to  oxalic  acid  that  uric  has  to 
mesoxalic  acid."  So  it  does,  in  so  far  as  the  summation  of  the 
atoms  present  is  concerned,  but  the  two  last  named  acids  are 
both  di-basic,  while  oxalic  and  mycomelic  acids  are  di-basic 
and  mono-basic  respectively.  It  will  be  seen  presently  that 
the  formulae  I  propose  account  fully  for  this,  the  two  urea  resi- 
dues in  uric  acid  being  similarly  connected  with  the  residue 
of  the  original  acid,  while  in  mycomelic  acid  they  are  con- 
nected by  what  I  have  called  the  amidic  and  imidic  ends 
respectively. 

Passing  to  the  3-carbon  acids,  from  malonic  acid,  CjH^O^, 
No.  1,  may  be  derived  barbituric  acid,  C^H^NjO,,  No.  2. 

1.  Malonic  add  (dibasic).    2.  Barbituric  acid  (dibasic). 


H          H 
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Gibbs*  formula  (in  which  there  is  a  trifling  misprint)  would 
imply  a  mono-basic  acid. 

Naquet*  speaks  of  "  Thydantoine,  qui  repr^sente  de  I'acide 
allanturique  moins  un  atome  d'oxyg^ne,  et  qui  est,  par  conse- 
quent, d  Tacide  allanturique  ce  que  Tacide  barbitunque  est  k 
lacide   dialurique."     But  of  these   two   pairs   of  substances, 

*  As  in  the  polymerides  of  true  cyanic  acid.     Prof.  Gibbs  proposes  to  call 
(ONOH)''  cyanyl,  as  analogous  to  (COOH)',  oxatyl. 
f  Lectures  on  Animal  Chemistry,  London,  1866,  p.  132. 
}  Principes  de  Chimie  (1875),  ii,  678. 
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hvdantoine  is  neutral,  and  allanluric  acid  a  mono-basiu.  acid, 
ffhiie  barbituric  and  dialuric  acids  are  di-basic  and  mono-baaio 
respectively.  The  formulfe  proposed  in  thia  paper  furnish  an 
esplanatioD  of  the  difiference. 

Any  formula  I  have  seen  for  bromo-barbituric  acid,  C^H, 
BiN,  O  „  would  lead  one  to  expect  for  it  exactly  the  same  degree 
of  basicity  as  that  of  barbituric  acid.     But  the  following  (No. 

Swith   the  urea  residue  oppositely  attached)  will  show  now 
e  former  acid  is  mono-baaic,  while  the  latter  is  di-basic. 


IBtomD-barWturic 

2,  Brom-alloiiiD  or  di-bromo- 
barbiWrie  acid  (non-acid). 

3.  Tri-brom-acetyl- 

H— K-H 
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A  further  replacement  of  hydrogen  by  bromine  gives  us 
what  has  been  called  di-bronio- barbituric  acid,  C.HjBrjNjO,, 
a  body  which  is,  however,  really  devoid  of  acid  character,  not 
fomiing  salts.  With  the  formula  now  proposed  (No.  2,  above), 
this  non-acid  character  becomes  intelligible,  and  the  name 
brom-alloxan,  originally  employed  by  Baeyer,  becomes  fully 
justified  on  comparison  with  alloxan  as  represented  further  on. 
The  conversion  of  this  body  into  dialuric  acid  by  the  action  of 
bydro-sulphurie  acid  in  the  presence  of  water  is  explained  by 
the  formula  for  dialuric  acid  given  further  on. 

On  pushing  the  action  of  bromine  still  further,  brom-alloxan 
is  converted,  with  separation  of  carbon  dioxide,  into  tri-brom- 
acetyl-urea,  CsHjBr,N,Oj  (from  the  2-carbon  acid  residue), 
the  formula  of  which  (No.  3,  above)  is  very  simply  deriveid 
from  Na  2,  and  brings  us  back  to  that  of  acetyl-urea  as 
already  given. 

From  mesoxalic  acid,  C,H,0,  (No.  1),  we  get  the  acid  mon- 
ureide  dialuric  acid,  C,H,N,0,  (No.  2), 


1.  Heeoialio  add  (di-basic).    2.  Dialaric  add  (mono-baaic). 
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in  which  the  nreio  hydfozyl  is  replaced  by  hTdiogeii.  The 
prodaction  of  ihiB  acid  by  hydrogenation  of  alloxan  will  be 
aeen  presently  to  be  readily  intelligibla 

And  from  dialoric  acid  is  deriyed  the  amide,  nramile  (dialn- 
nunide),  0,H,N,0,  ^a  1> 

L  UnmOa  (iMotral).  1.  A]lniii(iiMilraI).        S.  ADonido  add  (di^Mik). 
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For  the  prodaction  of  this  body  from  alloxantine  by  the  action 
of  ammonium  chloride,  with  separation  of  alloxan  and  hydro- 
chloric acid,  see  the  formula  giyen  beyond  for  aUoxantine. 

The  formula  of  alloxan,  O.H.N.O,,  also  a  mon-ureide, 
becomes  as  represented  in  Na  2,  while  alloxanic  acid, 
C^H,N,0,,  formed  by  attachment  of  the  urea  residue  by 
its  opposite  extremity,  and  with  assumption  of  a  molecule  of 
water,  may  be  viewea  as  in  Na  8  above.  Glaus  and  Emde* 
have  noticed  the  drSerence  of  character  between  the  last  two  sub- 
stances, aud  suggested  in  explanation  the  following  formulae : 

a.  AUozanio  add. 
0 
H  _|  H 

0  H— ^        N-H    0 

I — !=oJ — J 


one  of  the  few  instances  in  which  I  find  an  attempt  made  to 
carry  out  the  idea  urged  in  this  paper.  Gibbs's  formulse  would 
imply  that  both  substances  were  acid,  and  of  the  same  d^ree 
of  basicity.  The  parallelism  between  alloxan  and  paraban  is 
seen  to  be  brought  out  by  the  mode  of  representation  now  sug- 
gested, and  an  explanation  is  afforded  of  the  fact  that  whereas, 
as  Naquetf  says  (looking  only  at  the  number  of  atoms  con- 
cerned), alloxanic  acid  bears  the  same  relation  to  alloxan  that 
oxaluric  acid  does  to  paraban,  the  former  acid  is  di-basic  and 
the  latter  mono-basic  only. 

*Ber.  d.  deutadudiam.  G«aaU8dL,yii,  SS6.     f  Prindpaa  da Ohimie(1876X  ii,  578. 

(To  ba  oontiiniad.) 
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Art.  XXrV. — On  Flini-implemenis  from  the  StrcUified  Drift  of 
the  viriniiy  of  Richmond.  Virginia  ;  by  CHARLES  M.  Wallaos. 

The  James  Biver,  upon  the  left  bank  of  which  Bichmond  is 
situated,  approaches  the  city  from  the  southwest — running  in 
the  Mannikin  country  over  fields  of  bituminous  coals,  and 
pouring  its  waters  in  headlong  rapids  over  a  broad  belt  of 

Sranite,  through  which  it  has  cut  a  channel  sixty  feet  or  more 
eep.  Huge  oowlders,  some  of  them  weighing  many  tons, 
crowd  the  drift-beds  near  the  falls,  and  strew  the  surface  of  the 
uplands  below  them.  Many  of  those  which  were  in  the  wav  of 
the  early  settlers  have  been  broken  up  and  removed,  but  others 
that  remain,  sufficiently  indicate  the  course  and  level  of  the 
Drift.  In  some  instances  that  I  have  noted,  the  marks  of 
ancient  pot-holes  are  legibly  impressed  upon  them,  proving 
unmistakably  the  fact  of  their  descent  from  the  rapids  above. 

The  trend  of  the  prehistoric  river  is  distinctly  traced  on 
its  south  side  by  the  great  upper  terrace,  which  probably 
formed  one  of  its  borders  before  the  bed-rock  on  the  Rich- 
mond side  had  been  scooped  out  As  far  as  I  have  explored 
this  even  and  lofty  plane — say  twenty  miles  up  the  basin 
—it  appears  to  be  capped  on  its  inner  slope  with  gravel  of  the 
same  general  character  as  that  which  has  been  excavated  at 
corresponding  levels  on  the  opposite  shore.     A  succession  of 

Earallel  slopes  of  limited  extent  show  how  the  current  has 
een  diverted  from  a  straight- forward  course,  and  how,  upon 
approaching  the  tide-water,  it  has  slid  away  to  the  north  side, 
forming  a  wide  horseshoe  of  several  miles  in  extent. 

The  shelving  of  the  left  bank  with  its  relief  of  hills  is  auite 
in  contrast  with  the  picturesque  island -terraces  upon  wnich 
the  neighboring  city  of  Manchester  is  built  Main  street  in 
Richmond  runs  throuerh  the  center  of  the  drift-field  which 
abuts  upon  the  steep  sides  of  the  city  hills,  and  converges  to  a 
point  before  being  swept  by  the  freshets  of  Gillies  Creek  and 
James  Eiver.  It  is  on  the  exposed  flank  of  this  field  that  I 
have  found  some  of  the  best  specimens  of  drift-flints  in  my 
collection. 

My  first  discoveries  were  made  a  little  more  than  a  year  ago 
ia  the  elevated  beds  of  the  Appomattox,  below  its  falls,  and  in 
the  brick-earths  that  uniformly  overlie  the  drifts  of  this  valley. 

One  of  the  implements  I  extracted  from  a  deep  bed  of  bricK- 
clay  on  the  left  bank  of  James  River,  which  has  been  recently 
cut  away  for  an  avenue  to  the  Free  Bridge ;  it  was  firmly  im- 
bedded in  the  stiff  clay — on  its  flat  side — about  seven  or  eight 
feet  below  the  surface  of  the  terrace,  which  at  this  point  attains 
an  elevation  of  forty  or  more  feet  above  the  rapids.     It  is^of 
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clay-slate,  and  has  the  ordinary  English  hatchet-like  shape,  with 
slight  chippiogs  at  its  lower  cuttinff-edse,  but  no  side-grooves 
for  the  clasp  of  a  handle.  The  drift-bed,  as  evidenced  by 
bowlders  of  granite  and  thin  seams  of  pebbles  interspersed 
through  the  clay,  lies  at  a  distance  of  800  yards  from  the  Kver, 
upon  a  sloping  trough  of  the  granitic  rock. 

My  next  discovenes  were  made  in  the  clay  and  gravel  of  the 
&mous  Powhatan  terraca  This  upland  has  been  to  me  a  pro- 
lific field  for  the  finding  of  pakdolithic  implementa  It  may 
be  cursorily  described  as  a  shelf-like  bank  on  the  north  side  of 
the  James  Biver,  at  the  lower  turn  of  the  horseshoe,  three- 
<]^uarters  of  a  mile  long  by  one-third  of  a  mile  in  breadth.  It 
rises  in  bluflf-like  style  fix)m  the  river — ^with  its  upper  surface 
at  least  thirty  feet  above  the  ordinary  flooding  of  the  tide. 
For  many  years  the  top  clay  has  been  used  by  brick-men  who 
find  the  bed  thicker  as  it  recedes  fix>m  the  bluiT  and  approaches 
the  hills.  The  following  is  a  section  of  this  shelf-terrace  near 
the  river,  where  the  strata  appear  to  lie  conformably. 

Feet 

1.  Top  soil,  with  occasional  bowlders, 0*6 

2.  Bnck-earth,  yellowish  hue, 8 

3.  Whitish  clay,  hard  and  stiff  when  dry, 6 

4.  Old  river  gravels,  large  pebbles  at  base, 7 

5.  Gray-brownish  sand  compacted,  resting  upon 

Tertiary  earth,  depth  not  ascertained. 

This  gives  a  fair  idea  of  the  terrace  along  its  river-front, 
which  has  been  excavated  for  a  railway,  say  half  a  mile  or 
more. 

In  the  angle  formed  by  the  river  and  Almond  Creek,  a  wide 
area  of  the  terrace  has  been  laid  bare,  exposing  to  view  some 
interesting  features  of  the  Drift,  The  Old  River  gravel  has 
been  shaved  off  a  little  below  its  surface — as  much  as  460  feet 
long  by  150  feet  wida  A  large  bowlder  of  quartz,  and  several 
bowlders  of  granite  rest  upon  beds  of  reddish,  rounded  gravel, 
^ving  the  air  of  having  been  transported  hither  by  floating 
ice,  and  deposited  in  gentle  waters.  One  of  the  larger  group 
measures  eight  feet  one  way  by  twelve  the  other,  and  still 
bears  upon  one  of  its  sides  the  mark  of  an  ancient  pot-hola 
The  elevation  of  this  excavated  bed  above  the  tide — a  few 
yards  distant — is  about  twenty-four  feet. 

Carefully  inspecting  the  upright  walls  on  either  hand,  I 
found,  in  situ,  at  a  depth  of  four  feet  below  the  surface,  the 
implement  which  is  described  below.  It  was  lying  at  the  base 
of  the  brick-clay — which  here  is  very  scant-^n  its  flat  side, 
as  if  it  had  been  dropped  in  the  ooze  of  the  marsh  mud.  In- 
deed the  color  is  not  of  the  earth  from  which  it  was  taken,  but 
whitish  or  porcelaneous,  like  pebbles  from  the  spring  gravel 
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It  has  been  split  in  two  by  a  single  blow  of  the  workman^s  ham- 
mer along  its  longer  axis.  There  are  two  clearly-marked  side- 
grooves  obviously  designed  for  being  wrapped  by  withes  or 
listened  in  a  halt  The  fractured  face  has  oeen  worn  a  little 
less  smooth  than  the  natilral  crust  of  the  pebble,  and  the  flak- 
ings  at  the  sides  and  edges  look  worn  as  if  by  being  rubbed  in 
gravelly  beds. 

This  implement  does  not  materially  differ,  except  in  the 
peculiar  coloring  of  its  outside,  from  some  in  my  collection 
from  the  surfaca  1  regard  it  as  a  most  interesting  specimen 
from  the  drift,  as  it  appears  to  link  the  discoveries  of  tne  older 
gravels  with  those  of  the  immediate  surface.  Two  other 
strange-looking  tools  were  taken  bv  me  from  the  gravel  four 
and  eight  feet  below  the  surface.  Both  of  them  are  hoe-like  in 
structure.  From  the  dumps  which  serve  to  ballast  the  track  of 
the  railway,  I  picked  up  quite  a  number  of  worked  pebbles, 
which  evidently  came  from  this  bed. 

Lest  1  might  be  deceived  as  to  the  archaeological  value  of 
these  discoveries,  I  requested  Judge  Clopton,  who  had  mani- 
fested a  warm  interest  in  my  researches,  to  accompany  me  on 
my  next  excursion. 

The  next  field  selected  lay  along  the  bluffs  of  the  river,  and 
on  either  side  of  the  York  Kiver  Kailroad.  At  the  north  side 
of  the  Yuengling  Brewery,  immediately  overlooking  the  tide, 
we  picked  from  the  old  river-gravels  several  flint-chips,  but  no 
well-defined  forms.  Below  this  point  a  few  paces,  I  had  previ- 
ously picked  out  of  a  gully  a  beautiful  disk  of  quartz,  which, 
being  crusted  with  the  bowlder  clay,  I  concluded  belonged  to 
a  bed  of  that  formation  close  by.  It  was  originally  a  flat, 
round  pebble,  which  had  been  struck  into  its  present  form  by 
a  skilliul  hand.  The  face  which  retains  the  natural  crust,  sug- 
gests the  idea  of  its  having  been  flattened  by  grinding  ice 
under  heavy  pressure.  One  third  of  its  periphery  has  been 
chipped  to  a  sharp,  jagged  edge,  as  if  for  the  purpose  of 
barking  trees  or  bruising  bones.  It  may  have  been  hafted — 
but  it  is  more  likely  that  it  was  used  directly  by  hand.  It  is  a 
little  larger  and  thicker  than  a  biscuit  of  hard  tack. 

The  most  important  discovery  of  the  day's  excursion  was  re- 
serv'cd  for  the  close.  A  few  paces  below  Main  street,  in  a  deep 
cut  of  the  York  River  road,  and  high  above  the  highest  water- 
mark of  the  river,  among  many  imperfect  indications.  Judge 
Clopton  was  the  first  to  notice  a  brownish  looking  flint,  stuck 
fast  in  the  cemented  gravel,  eight  feet  below  the  surface.  It 
was  lying  with  its  point  on  a  downward  slide,  as  if  it  had 
acquired  that  position  by  a  landslip  over  the  Tertiary  beds. 

The  shelf  of  land,  from  which  this  unique  spear-head  was 
taken,    is   distant  about  150  yards  from  the  river-shore,  and 
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forms  the  extreme  or  turning  point  of  the  Bichmond  terraca 
The  height  of  the  gravel-bed  above  the  tide  is  forty  feet  or 
more. 

A  few  days  later  I  inspected  alone  the  Bichmond  terrace  on 
its  bluff-side,  near  the  Dock,  from  which  I  have  received  some 
of  the  most  interesting  relics  of  the  Quaternary  man  of  Vir- 
ginia.    The  order  of  the  formation  at  this  point  appears  to  be : 

Eeet 

1.  Brick-earth  imderlyin^  flprayish  clay, 9 

2.  Rounded  gravel,  reddish  hue, 4 

3.  Deposit  of  fine  bluish  sand, 12 

4.  Bed  of  gravel  and  bluish  pebbles, 4 

5.  Alternate  seams  of  compacted  sand,  gray  and 
yellow,  above  the  level  of  base  of  excavation,    4 

Depth  of  formation  as  far  as  known, 33 

The  brick-earth  of  this  section  of  the  terrace  has  been  topped 
off  to  allow  of  the  extension  of  Gary  street,  and  the  natural 
wall  has  been  pushed  back,  so  to  speak,  as  much  as  fifty  feet 
or  more,  to  make  room  for  the  foundation  of  the  York  Biver 
Bailroad  Station.  From  the  surface  of  the  lower  gravel  bed,  I 
extracted  several  worked  flints,  two  of  which  closely  resemble 
those  of  the  European  Drifts.  A  remarkable  feature  of  the 
lower  seam  of  gravel  is  the  presence  in  large  numbers  of  the 
pebbles  from  which  the  implements  for  the  most  part  appear 
to  have  been  fashioned. 

One  of  them  is  somewhat  like  an  implement  from  the  Becul- 
ver  Pits,  a  sketch  of  which  may  be  seen  at  page  534  of  Mr, 
John  Evans's  elaborate  work  on  The  Ancient  Stone  Implements 
of  Great  Britain.  The  other  is  of  lanceolate  form,  and  will  be 
readily  recognized  by  those  familiar  with  the  relics  of  the  Caves 
and  Drifts  of  the  old  world.  It  is  much  worn  by  long  associa- 
tion with  the  older  gravels.     It  was  probably  used  as  a  scraper. 

Deeming  such  discoveries  of  interest  to  the  scientific  world, 
I  lost  no  time  in  reaching  its  ear,  through  the  medium  of  Pro- 
fessor Spencer  F.  Baird,  who  very  readily  acknowledged  my 
labors,  in  the  most  cordial  and  encouraging  way. 

I  have  extended  my  inquiries  farther  away  from  the  river, 
with  continued  success.  The  Great  Upper  Southside  Terrace 
already  referred  to,  has  been  recently  explored  by  me,  and 
found  to  contain  worked  pebbles  of  the  same  general  charac- 
ter as  those  derived  irom  the  high-level  gravels  on  either 
side  of  James  Biver. 

An  excavation  eight  feet  deep  has  been  made  on  the  in- 
ward slope  of  this  old  river-shore  disclosing  fine  and  coarse 
gravel  intermixed  with  reddish  clay.  The  field  of  the  surface 
Below  this  excavation  has  afforded  many  similarly  worked  peb- 
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bles — which  circumstance  favors  the  conjecture  that  they  have 
been  washed  out  of  the  overlying  beds. 

I  dug  out  of  the  vertical  wall  of  excavation  two  well-defined 
implements — one  three  feet  below  the  surface,  the  other  two 
feet  deeper.  Both  were  imbedded  in  firmly  cemented  reddish 
gravel.  The  deeper-lying  pebble  is  worn  smooth  on  its  chipped 
edge,  the  other  has  the  appearance  of  being  rolled  but  sli^ntly. 

This  section  of  the  old-river  shore  is  half  a  mile  distant 
from  the  present  bank  of  the  river.  I  may  hereafter  refer  to 
it  as  the  Fonticello  gravel.  Similar  beds  of  gravel  on  the  right 
bank  of  the  river  I  have  found  to  contain  worked  pebbles. 

Mr.  Mann  S.  Valentine,  to  whom  I  have  shown  mv  driffc- 
specimens,  has  examined  a  bed  of  old  river-gravel  a  mile  away 
from  the  falls,  and  found  some  interesting  flints.  I  have  not 
seen  them,  but  do  not  doubt  that  they  are  of  the  same  general 
character  as  those  contained  in  the  high-level  beds  on  either 
bank  of  the  river. 

In  a  deep  cut  of  the  Petersburg  road,  a  little  beyond  the 
High  bridge  on  the  south  side,  I  found  several  flint  chips  and 
worked  p^bles,  which  appear  to  take  the  staining  of  the  light 
gray  matrix  from  which  they  had  been  taken.  The  elevatioa 
of  the  terrace  at  this  point  is  seventy  feet  above  the  rapids— 
the  depth  of  the  specimens  below  its  surface  ten  feet  My  son 
CharleSf  who  has  been  trained  to  look  for  worked  flints,  dug 
out  of  the  clay-bed  a  rude  stone  hatchet  An  exceedingly 
beautiful  adze  or  hatchet  was  found  here  by  me,  though  not  in 
place.  There  can  be  no  doubt  that  it  belongs  to  the  same  stra- 
tum of  clay  from  which  other  but  not  similar  looking  flints 
were  extracted  by  me.  It  is  shoe-shaped  grayish-looking 
quartzite  flint,  ana  has  been  chiseled  into  form  by  a  half  dozen 
blows  given  with  a  downward  stroke.  It  is  not  worn.  It  may 
have  been  used  either  in  the  hand,  or  with  a  haft. 

The  whitish  clay  from  which  I  took  it  lies  in  a  trough  of  the 
granite  which  attains  an  altitude  at  this  point  of  sixty  feet  or 
more  above  the  level  of  the  river  close  by.  It  is  capped  by  the 
usual  brick-earth,  which,  however,  is  rather  scantily  deposited 
at  this  placa 

It  will  be  understood  by  the  reader  that  all  the  discoveries 
herein  mentioned  were  made  in  deposits  forming  parts  of  the 
clay  and  gravel.  The  implements  could  not  have  been  intro- 
duced into  the  formations  by  any  other  agencies  than  those 
which  deposited  at  the  same  time  the  containing  bed& 

Richmond,  Va.,  Jan.  13,  1876. 
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Art.  XXV. — Description  of  a  new  Trilobite,  Dalmanites  deniata; 

by  Dr.  S.  T.  Barrett. 

The  Trilobite  described  below  is  from  the  upper  compact 
beds  of  the  Delthyris  shale,  a  member  of  the  Lower  Helder- 
be'rg  formation,  near  Port  Jervis,  Orange  County,  New  York. 
The  name,  Dalmanites  dentata,  refers  to  the  dentate  margin  of 
the  cephalic  shield.     The  following  are  its  characters. 

Dalmainies  dentatcu — Outline  of  head  parabolic ;  posterior  side 
concave,  and  posterior  angles  prolonged  into  mucronate,  slightly 
falcate  extensions;  its  outer  margin  throughout  dentate.  Eyes 
having  about  the  same  position  as  in  D.  pleuroptyx,  but  nearer 
the  outer  margins  of  the  cheeks  because  of  the  less  breadth  of 
the  head  ;  number  of  lenses  in  a  large  specimen  about  180,  eight 
ranges  of  them  on  the  highest  side.  Pygidium  triangular, 
transversely  convex ;  posterior  extremity  prolonged  into  a  grad- 
ually attenuate  spine,  which  is  a  continuation  of  the  lateral 
margin,  and  averages  half  the  length  of  the  axia  Axis  sloping 
evenly  throughout,  its  inferior  extremity  nearly  merged  in  the 
border  below.  Two  rows  of  minute  spines  extending  the 
entire  length  of  the  axis  near  its  center,  and  scattering  minute 
spines  either  side  over  the  surface  of  the  segments. 

Fragments  of  what  I  suppose  to  be  thoracic  segments  of  this 
species  are  common.  Eacn  terminates  laterally  in  a  slender 
terete  spine  curved  outward  and  upward  at  right  angles  to  the 
rest  of  the  segment ;  it  has  a  deep  narrow  longitudinal  groove 
upon  its  lateral  portion,  which  runs  out  backward  toward  the 
spine,  and  a  deeper  transverse  groove  over  its  middle  portion, 
the  part  posterior  to  which  is  much  larger  than  that  anterior; 
the  surface  has  minute  spines,  and  otherwise  resembles  that  of 
the  nygidium. 

This  species  has  a  considerable  vertical  range,  and  some 
layers  of  the  rock  are  mainly  made  of  its  remains.  It  is  asso- 
ciated with  Rensselaeria  mutabilis^  Homahnotus  Vaniute?7ii,  Lox- 
onema  Fiichiana^  Chonetes  complunata^  and  other  Lower  Helder- 
berg  species,  kindly  identified  for  me  by  Professor  Hall. 

The  excellent  photograph  illustrating  this  paper  was  taken, 
from  one  of  the  best  of  my  specimens,  by  the  skillful  photog- 
rapher of  Port  Jervis,  Mr.  E.  P.  Matterson.  It  is  one  and  a 
half  times  larger  lineally  than  the  specimen.  The  writer  will 
furnish  those  desiring  it  a  second  photographic  plate,  giving  a 
view  of  the  pygidium,  eye  prominence,  and  thoracic  segment, 
and  has  specimens  for  exchange. 

Port  Jervis,  Dec.  29,  1876. 
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Abt.  XXVL — Mineralogical  Notes ;  by  Edward  S.  Dana.    Na 
11.— On  the  SamardcUe  of  MUchell  County,  North  Carolina. 

Thbough  the  kindness  of  Mr.  Joseph  Willcox  of  Philadel- 
phia, and  of  Bey.  J.  Grier  Balston  of  Norristown,  I  have  had 
an  opportunity  of  examining  a  considerable  number  of  more  or 
less  perfectly  crystallized  specimens  of  samarskite,  which  be- 
longed to  their  cabineta  The  results  are  sufficiently  definite  to 
give  a  pretty  exact  knowledge  of  the  relations  of  the  species 
which  nave  been  till  now  very  uncertain. 

According  to  information  obtained  from  Mr.  Willcox,  and 
also  from  Professor  Bradley,  the  samarskite  is  found  in  the 
mica  mines  situated  in  the  mountains  of  Mitchell  County, 
North  Carolina.    The  rocks  of  the  region  are  gneiss  and  mica 
slate,  and  the  mines  are  worked  in  the  granite  veins  which  in- 
tersect them.    Other  localities  also  exist,  under  similar  circum- 
stances, in  Yancey,  McDougal  and  Butherford  Counties.     The 
samarskite  occurs  in  masses,  generally  irregular  in  shape  but 
sometimes  coarsely  crystallized,  imbed(^ed  in  a  reddish  feJdsmr, 
which  is  very  much  decomposed,  sometimes  to  a  kaolin.    The 
masses  yary  m  size,  some  being  very  large ;  one  obtained  by  Mr. 
"Willcox  weighed  upwards  of  twenty  pounds. 

The  immediately  associated  minerals  are  two  other  species  of 
the  same  tantalic  group,  described  further  on,  and  a  yellow  mica, 
which  may  prove  upon  chemical  examination  to  be  of  interest 
The  samarskite  when  pure  has  a  deep  yelvet-black  color, 
though  brown  by  transmitted  light  on  very  thin  edges.  The 
luster  is  resinous  and  very  brilliant,  and  the  fracture  distinctly 
conchoidal.  The  mineral  from  this  locality  has  already  bc^en 
analyzed  by  Miss  Ellen  H.  Swallow,*  with  the  following  results 
(specific  gravity  6 '756) :  Metallic  acids,  tantalic  group,  64*96, 
SnO»  016,  UO  9-91,  FeO  14-02,  MnO  0-91,  CeO  617,  YO 12-84^ 
MgO  0*62,  insoluble  residue  from  oxalate  of  cerium  1*26,  igni- 
tion 0*66  =  100*40.  The  metallic  acids  were  not  separated  in 
consequence  of  the  want  of  material.  Attention  may  also  be 
called  here  to  the  analysis,  by  Dr.  Hunt,  of  the  samarskite  from 
Butherford  County,  N.  C,  published  in  this  Journal,  II,  xiy, 
841,  1861. 

The  samarskite  exists  in  all  states  of  purity,  being  sometimes 
intimately  mixed  with  the  gangue  of  decomposed  feldspar. 
There  are  also  connected  wita  it  several  more  or  less  distinct 
decomposition-products  which  deserve  a  chemical  examination. 
A  yellow  coating  oyer  the  surface  of  the  masses  is  yery  com- 

*  PYooeedingB  of  the  Boston  Society  of  Natural  Historj,  voL  xrii,  424,  1876. 
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mon ;  and  in  some  cases  the  exposed  exterior  of  the  pnre  min- 
eral  has  taken  a  chocolate-brown  color. 

Aa  has  been  stated,  indistinct  crystals  and  crystalline  masses 
are  not  uncoDimoQ,  and  some  few  specimens,  especially  those 
placed  in  my  hands  by  Mr.  Balston,  admitted  of  exact  determi- 
nation. The  general  habit,  and  the  more  common  of  the  occnr* 
ring  planes  are  shown  in  figare  1,  the  additional  planes  of  Ggore 
2  are  rather  rare. 


The  characteristic  feature  of  all  the  crystals,  almost  without 
exception,  ia  the  nearly  right-angled  edge  between  the  macro- 
domes,  1-i.  Not  infrequently  the  elongation  of  this  terminal 
edge  gires  the  crystals  a  prismatic  appearance  in  that  direction. 
More  generally,  nowerer,  the  crystals  are  elongated  rertically 
in  the  direction  of  the  prism  as  taken  in  the  figures ;  a  radiated 
arrangement  in  the  groupings  of  the  cr^^tala,  aometimes  ob- 
served, is  a  feature  deserving  mention.  The  prismatic  planes 
(/and  i-i)  are  in  all  cases  narrow  so  that  the  general  habit  is 
that  of  a  rectangular  prism ;  frequently  the  crystals  are  flattened 
in  the  direction  of  the  brachypinacoid  t-i,  and  upon  the  surface 
of  thia  plane  are  sometimes  observed  a  number  of  small  outlined 
crystals  similar  to  those  often  occurring  on  the  diametral  planes 
of  columbite.  Occasionally,  also,  i-l  is  the  more  prominent,  giv- 
ing rise  to  forms  flattened  in  this  direction. 

The  occurring  planes,  as  seen  in  the  figures,  are  as  follows : 
i-i,  It,  /,  t- 2, 1-1, 1,  S-^.  The  planes  are  without  luster  and  often 
quite  rough,  so  that  approximate  measurements  alone  were 
possible  ;  and  in  diETerent  crystals  some  of  these  angles  varied 
considerably.  The  angles  obtained  from  the  best  formed  crys- 
tals are  as  follows : 

t-2^.-3'=95'';  l-^^l■^  =  9S^ 
From  these  measurements  the  following  axial  ratios  are  ob- 
tained: 

c'  (vert.)  0-949,  l  (macr.)  1-883,  a  (brach.)  1-000. 

Some  of  the  calculated  angles  for  the  other  forms  are  as  fol- 
lows, the  angles  obtained  ny  measurement  being  given  in 
parentheses : 
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/a  7=122*'  46',  /a  1-1=151*^  28'  (152*^),  w  a  1  =  110^  86'  (110^), 
1-1 A  1=180^  7',  y  A  1=187°  14',  tf  A8i=126*'65'(126*'),  i-t/^Sf = 
186°46'(186°> 

The  position  here  adopted  shows  most  favorably  the  probable 
relation  of  the  samarskite,  of  North  Carolina,  to  the  crystalfl 
oiE  yttrotantalite  described  by  Nordenskiold, 

Sanaiddte  (Dana).    Yttrotantaate  (Nordenikiaid).    Coliimfaito. 

/a  /  122°  46'  128°  10'  (122°  48',  t- j  ) 

1-2  A*-?              95°                    94°  82'  (94°58',t-f) 

l-t  A 1 1              93°  (87°  24',  i-t)  90°  16^ 

t-r  ^ff  (101°  24')  (101°  62')  101°  26'  (i) 

The  parentheses  indicate  that  the  forms  referred  to  have  not 
been  ooserved.  The  pyramidal  planes  of  samarskite  (1  and 
3-| )  are  not  known  on  yttrotantalite.  It  will  be  observed  that 
while  in  the  prismatic  zone  the  ag^ment  between  the  two 
species  is  close,  in  the  domes  the  variation  is  considerable. 

The  prism  of  samarskite  referred  to  the  axes  of  columbite 
(Dana's  Min.,  p.  616)  is  t-})  and  on  this  basis  the  other  planes 
become  as  follows:  i-2=t-},  l  =  l-|i  8-f =2,  l-t=l-i 

The  crystalline  form  of  euxenite  has  not  been  very  clearly 
nfade  out,  but  it  seems  to  be  closely  related  to  that  of  sa- 
marskite ;  for  Ir.  /,  Dahl  gives  126°,  Greg  120°  ?  (122°  46' 
samarskite);  ^tAm-t=164i  and  168°,  but  i-lA2-t=162°  18' 
(samarskite) ;  also  two  pyramids  are  mentioned  giving  the 
angles  V-tA/)' =107 (t-tAl=110°  86' samarskite),  i-t/s/)»=186° 
(185°  46'  samarskite). 

The  method  of  association  of  crystals  of  samarskite  and 
columbite  at  Miask  (to  be  mentioned  later)  seems  to  suggest 
that  the  broad  plane,  t-t  of  the  figure,  may  possibly  correspond 
to  the  plane  i-i  of  columbite.  (To  avoid  confusion  it  must  be 
noticed  that  i-l  columbite,  Dana's  Mineralogy  =  i-?  Naumann, 
and  /  Dana  =  t-3  Naumann.)  This  idea  is  supported  by  a  sin- 
gle one  of  the  specimens  under  examination,  where  of  two  asso- 
ciated crystals,  the  cleavage  plane  (probably  2-7)  of  the  colum- 
bite was  exactly  parallel  with  the  plane  of  the  samarskite  called 
t-i  above.  If  now  this  change  is  made,  the  planes,  before  men- 
tioned, become  as  follows:  If  1-2=1  and  t'i=ii  then  /=t-2, 
1=1-2,  3-f =2-|.  The  consideration  of  all  the  facts,  however, 
seems  to  show  that  the  method  first  proposed  should  be  adopted. 

It  may  also  be  mentioned  here  that  several  of  the  minerals  of 
this  group  show  angles  of  91°-95°.  128^  etc.,  in  the  prismatic 
zone,  although  in  the  other  zones  there  is  no  apparent  corre- 
spondence, and  the  habit  is  quit«  different 

The  occurrence  of  two  other  minerals  of  this  tantalic  group 
has  already  been  mentioned.  One  of  these  minerals  occurs  in 
regular  octahedrons,  sometimes  nearly  an  inch  across,  with  the 
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cubic  planes,  and  also  the  form  8-8.  It  has  a  jellowish-brown 
color  and  resinous  luster.  Professor  Brush  reports,  from  his 
examination,  that  in  blowpipe  characters  it  agrees  closely  with 
pyrochlore ;  but  its  specific  ^ravitjr  as  determmed  by  him  on  a 
pure  crystal  is  4*794,  which  is  considerably  higher  than  that  of 
pyrochlore  (4*208,  Hermann),  so  that  it  may  approach  more 
nearly  to  microlite.  For  a  oefinite  knowledge  of  its  character 
we  must  consequently  wait  for  the  chemic^  analysis  which 
Professor  Allen  proposes  soon  to  undertake.  These  octahe- 
drons occur  generally  in  a  rusty  gangue,  the  mass  of  which 
seems  to  consist  mostly  of  the  same  mineral.  They  are  also 
sometimes  obseryed  implanted  directly  upon  the  samarskite. 

The  second  associated  mineral  is  columbUe.  It  occurs  in  crystal- 
line masses  of  considerable  size,  imbedded  in  the  samarskite,  or 
implanted  upon  it  The  form  where  distinct  is  yery  similar  to 
those  giyen  in  Dana's  Mineralogy,  figures  429,  430,^  p.  516,  and 
tiie  angles  a^ree  closely.  From  some  qualitatiye  experiments 
Professor  Allen  finds  that  it  contains  a  considerable  quantity  of 
tantalic  acid.  On  this  account  it  is  a  matter  of  some  surprise 
that  its  specific  grayity  is  only  5*476. 

This  intimate  association  of  columbite  and  samarskite  at  this 
locality  is  the  more  interesting  in  that,  as  long  a^o  shown  by 
Hermann,  these  two  species  occur  together  at  Miask  m  the  Urala 
Some  [Jralian  specimens  recently  examined  by  me  haye  the 
minate  crystals  of  columbite,  well  formed,  implanted  on  the 
samarskite,  the  crystals  of  the  two  appearing  to  occupy  a  parallel 
position.  It  would  here  hardly  be  suspected  that  tne  two  min- 
erals were  distinct,  except  from  the  cross  fracture,  in  which  the 
two  decidedly  differ.  The  American  specimens,  on  the  other 
hand,  with  the  single  exception  alluded  to,  show  no  relation  at 
all  in  the  position  of  the  crystals  of  the  two  species. 

Professor  Allen  is  at  present  engaged  in  a  thorough  chemical 
inyestigation  of  the  yarious  minerals,  which  haye  been  men- 
tioned, and  the  results  of  his  work  will  be  awaited  with  much 
interest 


Art.  XXVIL — The  Effect  ofSUicic  Acid  upon  the  Estimation  oj 
Phosphoric  Add  by  Ammonium  Molyhdate  ;  by  E.  H.  Jenkins. 

The  idea  seems  to  be  general  that  the  presence  of  silicic 
acid  in  solutions,  impairs  the  accuracy  of  the  estimation  of 
phosphoric  acid  by  tne  molybdic  method.  In  Bose's  Hand- 
Duch  der  Analytischen  Chemie,  6th  edition,  volume  ii,  page 
519,  under  a  description  of  this  method  the  fact  is  stated 
that  silicic  acid  giyes  a  precipitate  similar  to  the  ammonium 
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pbospho-molybdaie,  and  Fresenius  (Quantitative  Analyse,  5tli 
edition,  page  884)  advises  the  separation  of  silicic  acid  as  a 
preliminary.  W.  Knop  has  observed  (Chemisches  Centralblatt, 
1857,  page  691)  that  ammonium  molybdate,  added  to  a  solu- 
tion containing  silicic  acid  and  a  large  quantity  of  ammonium 
chloride,  produces  a  lemon  yellow  precipitate  much  like  ammo- 
nium phosphomolybdate.  Without  this  excess  of  ammonium 
chloride  no  such  precipitate  forms,  either  in  the  cold  or  after 
heating  to  boiling. 

It  might  readily  be  supposed,  however,  that,  though  not 
precipitated  by  itself  with  ammonium  molybdate,  silicic  acid 
could  come  aown  in  a  precipitate  of  ammonium  phospho- 
molybdate and  introduce  an  error.  To  ascertain  whether  this 
actually  happens  the  following  experiments  have  been  mada 
A  solution  of  potassium  silicate  was  employed,  made  by  boil- 
ing pure  silicic  acid  with  potassium  hjrdrate,  and  acidifying 
slightly  with  nitric  acid.  It  contained  in  50  ac.  "2055  ^rs.  <3 
silicic  acid,  and  bare  traces  of  phosphoric  acid.  A  solution  of 
pure  hydrodisodic  phosphate  was  prepared,  and  the  phosphoric 
acid  estimated  by  the  ammonium  molybdate  method.  25  cc. 
gave 

(1)  -0844  MgaPjO,  =  -05398  P,Oj 

(2)  -0845         "  -0540       " 

Estimations  of  phosphoric  acid  were  made  in  varied  quanti- 
ties of  the  solution  of  sodium  phosphate  with  the  addition  of 
potassium  silicate,  by  the  molybaic  method. 

The  amounts  of  the  solutions  employed  and  the  results  ob- 
tained are  given  below. 

•0492  SiOj  + 1  C.C.  sodic  phosphate  = 


(( 


--6 

--12-5 

--25 

-h25 

-f-25 

-1-25 


(( 


(( 


^4-25 


C( 


=  -0022P2Oj 

gave 

•0023  P,0^ 

=  -0108 

*( 

(( 

•0114  " 

=  -0270 

(( 

i( 

•0267  " 

=  -0540 

(( 

i( 

•0540  " 

=  -0540 

(( 

(( 

•0545  " 

=  -0540 

C( 

cc 

•0544  " 

=  -0540 

u 

cc 

•0538  " 

=  -0540 

u 

cc 

•0544  " 

•0492 
•0492 
•0123 
•0246 
•0492 
•2065 

•2056 

•5000  CaSO^ 
•2000   MgO 
•5000  FcgOj 
1-0000  Alum 

A  solution  of  tricalcic  phosphate  in  nitric  acid  containing  in 
50  cc  mn  grs.  PjO,  gave  with  -3100  SiO,   -0881  grs.  P,0, 

l-oJ2Salum}g^^^-^^^2grs.P,0, 

The  ammonium  molybdate  and  magnesium  chloride  solu- 
tions used  in  these  determinations  were  made  as  recommended 
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by  Abesser,  Jani  and  Marcker  in  their  paper  on  the  estimation 
of  phospboriG  acid  (Fresenius  Zeitschnft,  12th  year,  p.  252), 
and  all  the  operations  were  conducted  as  there  advised.  The 
above  results  show  that  in  no  ordinary  case  is  a  previous  sepa 
ration  of  silicic  acid  necessary  to  ensure  all  desired  accuracy  in 
the  estimation  of  phosphoric  acid  by  the  molybdic  method. 

Pro!.  Kolbe'8  Laboratory,  Leipdg,  Dea  17, 1875. 


Art.  XXVIIL — On  the  youngest  Huronian  Bocks  sotUh  of  Lake 
Superior  and  the  age  of  the  Copper-bearing  Series ;  by  T.  B. 
Brooks. 

In  the  summer  of  1874,  Chaa  E*.  Wright  and  myself,  while 
exploring  the  country  west  and  south  of  the  Menominee  Biver 
about  ninety  miles  from  its  mouth,  under  the  auspices  of  the 
Wisconsin  Geological  Survey,  observed  a  large  granitic  area, 
tiie  north  ec^e  of  which  was  bounded  by  dark-colored  hom- 
blendic  and  micaceous  schists  of  Huronian  age,  which  I  have 
since  concluded  are  the  equivalents  of  the  youngest  member  of 
that  series  yet  observed  in  the  Marquette  Iron  Region.*  The 
prevailing  form  was  a  medium  to  coarse-grained  gray  granite, 
with  rectangular  crystalline  facets  of  feldspar.f  In  places  it 
passed  through  gneissoid  granite  to  a  true  gneiss,  which  was 
once  hornblendic,  the  schistose  structure  of  which  always  con- 
formed with  the  underlying  schists. 

The  lithological  character  of  this  wide  granitic  belt  bore  so 
much  general  resemblance  to  the  Laurentian  rocks^  which  are 
extensively  developed  on  the  waters  of  the  Sturgeon  River  in 
Michigan,  10  to  20  miles  to  the  northeast,  that  we  were  dis- 
posed at  the  time  to  believe  that  some  phenomena  of  folding  or 
faulting  had  brought  rocks  belonging  to  that  system  to  the  sur- 
face in  an  unexpected  quarter.  Professor  Pumpelly  and  my- 
self, several  years  previously  had  observed,  farther  to  the  north 
and  west,  similar  granitic  rocks  crossing  the  Michigamrae  and 
Paint  Rivers  (branches  of  the  Menominee),  presenting  similar 
puzzling  relations  with  beds  known  to  be  Huronian.  This  for- 
mation IS  noticed  in  my  Michigan  Report,  vol.  i,  p.  175,  and 
the  probability  of  its  being  Huronian,  and  younger  as  well  as 
lithologically  different  from  any  rocks  then  known  to  be  of  that 
period,  is  pointed  out:j: 

*■  The  staurolitic  mica  schist,  Bed  XTX.  of  my  sdieme.  See  voL  i,  pp.  83  and 
130,  Michigan  Geological  Report,  1873. 

f  A  few  small  granite  dykes  were  observed  penetrating  the  hornblende  schists 
along  the  granite  border. 

1  It  is  not  improbable  that  some  of  the  granitic  rocks  S.  W.  oi  Michig^amma 
Lake  in  the  Marquette  Region,  may  belong  to  the  same  horisson. 
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A  oarefol  consideration  of  all  the  &ct8  to  be  observed  in  the 
Menominee  Begion  confirms  me  in  this  hypothesis,*  which  is 
farther  supported,  as  it  seems  to  me,  by  observations  in  the 
Penokie  Iron  Begion  (Bad  Biver),  Wisconsin. 

Colonel  Whittlesey's  maps  and  sections,  ^ven  in  Owen's  Be- 
port,  1852,  represent  a  belt  of  granite,  syenite,  and  hornblende 
rocks  as  diviaing  the  Penokie  series  ( Huronian )  from  the  over- 
lying Copper-bearing  amygdaloidal  traps  and  sandstones,  which 
he  to  the  north  and  nearer  the  lake. 

I  observed  these  rocks  at  several  points  in  1871,  and  noted 
their  general  lithological  resemblance  to  the  Laurentian,  as  well 
as  the  almost  insurmountable  structural  difficulties  in  assigning 
to  them  that  age,  and  recorded  in  my  notes  the  probabilitv  (S 
their  being  Upper  Huronian.  Bowland  Irving  mentions  these 
rocksf  as  being  coarsely  crystalline  aggregates  '*  chiefly  of  lab- 
radorite  and  orthoclase  feldspar,  hornblenae,  and  some  variety 
of  pyroxene,"  with  occasional  evidences  of  bedding,  which  points 
toward  their  entire  conformability  with  the  underlying  Huro- 
nian. He  r^ards  them  as  of  the  period  of  the  Copper -bearing 
series,  constituting  its  lowest  and  oldest  portion. 

ELaving  been,  so  far  as  I  know,  but  little  studied,  it  is  perhaps 
impossible  at  this  time  to  determine  their  age  :  but  what  is 
known  can  here  be  briefly  surveyed,  and  an  inference  drawn, 
which  will  not  be  without  value  in  directing  further  investiga- 
tions. 

1.  The  general  lithological  similarity  of  this  granitoid  belt 
to  the  Laurentian,  has  been  remarked.  It  has  quite  as  much 
similarity,  if  not  more,  to  several  members  of  the  Huronian ; 
and  is,  I  believe,  not  identical  with  any  rock  known  to  belong 
to  the  Copper  seriea 

2.  Its  geographical  extension  is  peculiar  in  this :  it  wedges 
out  rapidly  to  the  east  from  the  vicinity  of  Penokie  Gap,  en- 
tirely disappearing  at  the  Montreal  Biver,  which  divides  Mich- 
igan from  Wisconsin.  Professor  Pumpelly  and  myself  traced 
the  boundary  between  the  Copper  and  Huronian  rocks  30  miles 
farther  eastward  beyond  Lake  Gogebic,  without  again  observ- 
ing it,  which  we  should  certainly  have  done  if  it  had  existed 
there ;  for  we  often  found  the  two  series  very  near  together,  al- 
though the  actual  contact  was  not  seen. 

^  Dr.  H.  Oredner  regarded  the  entire  Marquette  series  as  the  equivalents  of  the 
lowest  member  (a  quartzyte )  of  the  Menominee  Huronian^  a  position  not  at  all 
borne  out,  as  it  seems  to  me,  by  the  facts.  He  seems  to  have  based  this  geog^os- 
tic  reasoning  largely  on  a  rough  section  which  I  sketched  for  him  (  and  which  he 
has  reproduced  )  of  the  Negaunee  District,  where  the  Upper  Huronian,  so  well  de- 
veloped at  Michig^mme  La^e,  is  wanting.  His  great  overestimate  of  the  thick- 
ness of  the  Menominee  rocks  has  also  led  him  astray.  (See  Zeitachrift  dtir  deutschen 
geologischen  Gesellschaft,  Band  xxi^  1867,  p.  553.)  No  attempt  was  made  in 
my  Michigan  Beport  to  correlate  the  Marquette  and  Menominee  series,  each  being 
provisionally  numbered  independently. 

f  Am.  Jour.  ScL,  voL  viii,  1874,  p.  49. 
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8.  Not  only  does  this  granitoid  formation  thin  out  and  disap- 
pear in  its  eastward  prolongation,  but  the  same  is  true  of  the 
whole  Huronian  senes,  the  belt  of  which  becomes  narrow  as 
followed  east,  and  finally  disappears  in  the  neighborhood  of 
Gogebic,  where  the  Laurentian  is  seen  very  near  the  Copper 
series.* 

4.  The  &ct  that  the  granite  mass  does  not  cross  either  the  Cop- 
per or  Huronian  series,  or,  so  far  as  observed,  give  oflF  dikes  m 
either,  renders  it  improbable  that  it  came  into  its  present  posi- 
tion as  an  eruptive  mass  subsequent  to  the  formation  of  ooth 
series  of  rocka 

6.  The  various  ores  of  iron,  which  are  so  generally  and  abun- 
dantly diffused  in  the  Lower  and  Middle  Huronian,  are  entirely 
absent  so  far  as  observed  from  the  upper  three  or  four  members  as 
developed  in  the  Marquette  and  Menominee  regions,  and  also  in 
the  Penokie  series  if  the  following  hypothesis  is  true ;  but  they 
occur  in  all  forms,  although,  it  is  believed,  not  abundantly,  in 
the  uppermost  exposed  member  on  Black  River. f  If  we  sup- 
pose this  iron  to  have  been  mostly  precipitated  as  a  carbonate, 
then  we  might  expect  it  would  be  more  generally  diffused 
through  the  rocks  of  certain  epochs  than  those  materials  derived 
from  the  erosion  of  adjacent  coasta 

There  is  evidently  out  one  hypothesis  which  will  reconcile 
these  facts,  which  is :  that  the  granitoid  formation  in  question 
is  of  the  Huronian  period,  and  probably  the  youngest  member; 
which  series  are  here  nonconformably  overlaid  by  the  Copper- 
bearing  rocks.  I  conceive  that  this  view  is  supported  by  the  ob- 
servations in  the  Menominee  region  above  recorded,  and  suppose 
this  Penokie  granitoid  formation  may  be  the  equivalent  of  gra- 
nitic bed  XX  of  the  Hun>nian  series  as  developed  in  that  re- 
gion. On  this  hypothesis,  it  is  possible  that  the  valley  dividing 
the  Penokie  Range  proper  from  the  granitoid  belt  may  be  un- 
derlaid by  a  soft  slate,  the  equivalent  of  the  micaceous  schist, 
bed  XIX. 

I  would  anticipate  the  objection  which  many  will  make  to 
attaching  much  weight  to  lithological  evidences  in  determining 
the  age  of  formations  100  miles  apart  by  repeating  that  the 
staurolitic  mica  schist  formation  (XIX)  maintains  its  min- 
eralogical  character  for  over  one  half  this  distance.  I  fail  to 
understand  why  conditions  favorable  to  the  formation  of  exten- 
sive areas  of  particular  rocks  may  not  have  existed  occasionally 
in  Archaean  Time,  since  they  were  so  prevalent  in  the  fol- 
owing  ages.  This  idea  of  equivalency  is  further  supported  by 
facts  given  in  my  "'  Revised  Descriptive  Catalogue  of  the  Mich- 
igan State  Suite  of  Huronian  Rocks,"  in  preparation. 

♦Pumpelly  and  Brooks,  this  Jour.,  voL  iii,  1872. 

f  The  best  point  for  observing  the  Huronian  between  Lake  Gogebic  and  Mon- 
treiil  River. 
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The  approximate  oonformabilitj  in  strike  and  dip  of  the  Hu- 
lonian  and  CSopper  serieBy  observed  by  Pro£  Pumpellj  and  m^- 
Mlf  between  the  Montreal  Biver  and  Lake  Gbgebic,*  would,  m 
this  view,  be  onlj  accidental  and  not  prove  identity  of  age,  as 
we  were  at  the  time  inclined  to  suppose,  and  with  which  view 
Mr.  Irving  agreed. 

As  supporting  the  view  that  these  pre-Silurian  systems  f  are 
of  distinct  periods,  I  would  call  attention  to  their  well-known 
points  of  difference  The  Huronian  series  of  stratified  green- 
stonesi  chloritio  and  related  schists,  clay  slat^  quart^tes,  mar- 
bles, micaceous  and  hornblende  schists,  gneisses  and  granites, 
containing  no  copper  or  other  metallic  ores,  excei)t  great  con- 
ftffmable  beds  of^  magnetite,  hematite,  and  limonite,  differ  as 
widely  as  may  be  from  the  compact  and  amygdaloidal  mela- 
phj^res,  friable  sandstones,  conglomerates  with  porphyry  pebbles, 
which  constitute  the  bulk  of  the  Copper  series,  the  whole  more 
or  less  chaiged  with  native  copper  and  silver;  all  of  which 
points  strongly  toward  a  different  origin  for  the  two  systems. 

In  their  metamorphoses  and  movements  subsec^uent  to  their 
deposition,  there  is  a  not  less  wide  divergence  noticeable.  The 
friable  sandstones  of  the  Oopper  series,  showing  no  greater  met- 
amorphism  than  the  overlying  Silurian  for  which  the^  are  often 
mistaken,  has  no  counterpart  in  the  highly  crystalline  schists 
and  quartzvtes  of  the  Huronian,  where  we  have  only  just 
CDougb  of  the  arenaceous  character  left  in  some  of  them,  to  leave 
DO  doubt  as  to  their  fragmentary  origin.  But  the  difference  in 
the  amount,  sharpness,  and  regularity  of  the  folding  and  bend- 
ing of  the  rocKs  of  two  systems  into  existing  wave-forms, 
is  if  possible  wider  tban  their  lithological  variations.  Contrast 
the  magnificent  regular  sweeps  of  the  Copper  series,  the  main 
ranges  of  which  preserve  the  same  strike  and  direction  of  dip 
from  Keweenaw  Point  westward  for  150  miles,  presenting  for 
half  the  distance  only  the  south  upturned  edge  of  the  broad 
synclinal  which  embraces  one  fourth  of  the  great  lake  in  its 
basing  with  the  older  system,  everywhere  sharply  folded 
into  narrow  troughs  and  irregular  basins,  trending  in  every  di- 
rection, the  upturned  edges  of  whose  enclosing  rocks  box  the 
compass,  winding  and  zig-zaging  in  outcrop  like  a  sluggish 
river.  § 

^  This  Jour.,  toI.  iii,  June,  1872. 

f  I  regard  the  non-conformabilitj  and  difference  in  age  of  the  Copper-bearing 
aeriee  and  Lower  Silurian  rocks  of  Lake  Superior,  as  established  by  the  &ct8  re- 
corded in  the  papers  of  Prof.  Pumpelly  and  myself  and  of  Mr.  Lrving,  in  this  Jour- 
nal, already  referred  to.  The  hypothesis  that  the  Copper  rocks  are  the  youngest 
Sflurian  formations  of  Lake  Superior  and  were  deposited  during  a  period  of  eleVa- 
tion  and  depression  which  ceased  at  the  beginning  of  the  St  Mary's  (Potsdam) 
epoch,  I  oonceiye  is  not  supported  by  recently  observed  facts. 

1  See  Inring's  interesting  remarks,  this  Jour.,  toI.  Yiii,  July,  1874 

%  Dr.  J.  P.  Kimball,  called  attention  to  this  structure  in  1865,  in  this  JoumsL 
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If  we  extend  our  observatioDs  to  the  older  and  again  non- 
conformable*  Laurentian,  we  find  the  rocks  still  more  plicated 
and  metamorphosed,  often  even  to  the  extent  of  entirely  ob- 
literating all  evidences  of  stratification.  If  we  suppose  the 
forces  which  have  produced  the  metamorphosis  and  the  wave 
forms  to  have  acted  regularly  and  constantly  from  the  beginning 
of  Archaean  time  to  the  banning  of  the  Paleozoic,  we  may 
easily  suppose  the  above  results  produced,  viz. :  the  Lanrentian 
most  disturbed  and  changed,  the  Huronian  next,  and  the  Copper 
series  least,  the  Silurian  practically  not  at  alL 

A  fact  not  without  interest  is  the  entire  absence,  so  far  as  I 
know,  of  any  patch  even  of  n)cks  of  the  Copper  period  south 
of  the  great  Keweenaw  belt  If  the  two  systems  were  conforma- 
ble and  of  the  same  age,  it  is  difficult  to  suppose  it  possible  that 
erosion  should  have  entirely  denuded  all  the  Huronian  area 
which  must  have  been  covered  by  the  Copper  series  of  the 
rocks  of  that  period.  One  would  expect  that  somewhere  a  mass 
of  these  supposed  younger  Huronian  beds  would  have  been 
embraced  in  some  one  of  the  numerous  sharp,  deep  synclinals, 
and  have  been  found  by  those  indefatigable  mineral  prospectors 
who  have  30  thonmghly  searched  this  region.  On  the  hypoth- 
esis of  non-conformability,  it  is  much  easier  to  conceive  how  it 
was  possible  for  Silurian  breakers  coming  from  the  south,  slow- 
Iv  aavaoced  by  a  subsidence  from  the  same  direction,  to  have 
done  their  work  in  completely  uncovering  the  present  Huronian 
area  and  leaving  the  great  Copper  range  escarpment  one  of  the 
most  striking  topographical  features  as  well  as  the  most  difficult 
geological  problems  in  the  Northwest  It  is  easy  to  suppose  for 
example,  thehorizontal  Silurian  rocks  being  entirely  eroded  from 
any  An^haean  terrains,  but  not  of  the  Huronian  rocks  being  en- 
tirely eroded  from  a  Laurentian  area,  for  the  reason  already 
given.  Lastly,  Logan  states,  Geology  of  Canada,  1868,  p.  77, 
that  *' certain  conglomerates  of  the  Lower  Copper-bearing  rocks 
north  of  Lake  Superior  repose  non-conformably  on  the  upturned 
chloritic  schists  of  the  Huronian." 

We  are  therefore  justified,  I  think,  in  regarding  the  Copper- 
bearing  rocks  of  Lake  Superior  as  a  distinct  and  independent 
series,  marking  a  definite  geological  period  which  separates  the 
Silurian  from  the  Huronian  ages.  Should  future  observations 
confirm  this  view,  it  would  be  advisable  to  have  some  more 
convenient  and  geologically  acceptable  name  for  the  series  than 
that  now  in  use.  Since  Keweenaw  Peninsula  forms  one  of  the 
most  striking  geographical  features  in  Lake  Superior  and  is  the 
locality  where  the  Copper  series  are  best  exposed  and  were  first 
studied,  I  suggest  the  name  Keweenawian  for  this  period. 

^  Pmnpellj,  Credner  and  myself  hare  observed  and  recorded  this  in  publications 
already  referred  to. 
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The  di£ference  in  age  of  the  Huronian  and  Laurentian  having 
been  proven,  as  already  remarked,*  by  observed  non-con  forma- 
bilitj,  by  the  great  ranty,  in  the  younger  series,  of  granite  and 
greenstone  dykes  so  numerous  in  the  older,  warrants  us  in  re- 
asBerting  the  same  kind  and  degree  of  unity  and  independence 
ra»rding  the  Huronian  series. 

The  considerable  amount  of  carbon  distributed  through  the 
Huronian,  indicating  much  organic  life  in  that  period,  leads  us 
to  hope  that  those  ^4mperfect  fucoidal  impressions"  seen  by 
Mr.  Julien  ( Mich.  Report,  vol.  ii,  p.  5. )  may  not  prove  delu- 
sive, and  that  we  shall  yet  be  able  to  avail  ourselves  of  paleon- 
tology in  determining  the  age  of  this  system. 

The  Laurentian  rocks  have  been  too  little  studied  to  justify 
an  opinion  as  to  whether  they  may  be  separated  into  two  or 
more  non-conformable  systems,  as  has  been  attempted  in  Canada. 


Art.  XXIX. —  On  a  new  Method  of  Measuring  the  Ydodty  of 
W/edrielty  ;\  by  Joseph  Lovsring,  of  Cambridge,  Mass. 

Perhaps  it  is  not  too  strong  a  statement  to  say  that  a  question 
18  half  answered  when  it  is  properly  asked.  Now  when  it  is  asked, 
WhaX  is  the  velocity  of  electricity^  there  is  no  strict  propriety  in 
the  question.  For  electricity  has  no  velocity ^  in  the  common  sense 
of  tiie  word  velocity.  There  is  no  analogy  between  the  transmission 
of  ao  electrical  disturbance  and  the  propagation  of  light,  or  sound, 
or  radiant  heat,  for  example.  The  mathematical  theory  of  the  gal- 
yanic  circuit,  as  stated  by  Ohm  in  1827,  and  the  more  recent  anal- 
yns  on  the  same  subject  by  Kircbhoff  and  Sir  William  Thomson,, 
have  appeared  to  prove  that  the  time  of  transmission  of  an  electrical 
disturbance  is  proportional  to  the  total  electro-statical  capacity 
of  the  conductor,  multiplied  by  its  total  resistance.  As  each  of 
these  factors  increases  with  the  len^h  of  the  conductor,  the  time 
of  transmission  is  proportional  to  the  eqitare  of  the  length  of  the 
conductor.  Therefore,  it  cannot  be  told  with  what  velocity  elec- 
tricity will  move  until  it  is  known  through  what  distance  it  must 
travel.  If  it  be  asked,  not  what  is  the  velocity  of  electricity,  but 
what  is  its  time  of  transmission,  in  any  particular  case,  there 
would  be  more  hope  of  a  definite  answer.  The  distinction  just  in- 
dicated will  do  much  towards  reconciling  the  contradictory  results 
of  experiment  in  regard  to  what  is  erroneously  called  the  velocity 
of  electricity ;  these  experiments  making  the  velocity  appear  to  be 
sometimes  as  great  as  288,000  miles  a  second,  and  sometimes  no 
more  than  800  miles  a  second.  In  the  first  case  the  experiment 
was  made  on  a  very  short  conductor,  and  in  the  second  case  on  a 
conductor  of  great  length. 

^  See  my  Michigan  Report,  vol  i,  pp.  126,  156. 

t  From  the  Prooeedings  of  the  American  Association  for  the  Advancement  of 
Science. 
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When  experimeDt  andertakes  to  deal  with  such  amaong  rates 
of  transmiBsion  as  those  of  light  or  electricity,  one  of  two  thinge 
is  indispensable ;  it  must  possess  the  means,  either  of  operating 
over  enormous  distances  of  space,  or  of  measuring  excessively 
small  intervals  of  tima  When  the  propagation  of  ught  is  under 
consideration,  there  is  a  free  choice  between  the  two  methods 
If  we  choose  the  first,  which  may  be  called  the  direct 
method,  astronomy  will  supply  ample  spaces,  and  no  extraordinary 
nicety  of  measurement  in  tne  other  element  is  demanded.  But  the 
practicability  of  the  second  method,  even  when  the  spaces  traversed 
oy  the  light  do  not  exceed  the  limits  of  the  physical  laboratory, 
has  been  demonstrated  by  Fizeau,  Foucault  and  Coma. 

If  we  turn  now  from  the  propagation  of  light  to  that  of  eleo* 
tricity,  it  is  obvious  that  notning  less  than  the  largest  lines  of 
telegraph  wire  furnish  the  conditions  required  by  the  nrst  method. 
On  the  28th  of  February,  and  again  on  the  7th  of  March,  1869, 
the  late  Professor  Winlock,  of  the  Harvard  College  Observatory, 
sent  electrical  signals  from  Cambridge  to  San  Francisco,  and 
thence  by  other  hues  to  Canada,  and  back  again  to  Cambridge, 
over  a  loop  of  wire  measuring  7200  miles.  This  long  journey  wM 
performed  by  electricity  in  about  two-thirds  of  one  second ;  and 
no  small  portion  of  this  brief  interval  was  lost  in  bringing  into 
action  the  thirteen  repeaters  which  were  interpolated  into  the 
circuit  In  the  determination  of  longitude  by  telegraphic  signaU, 
the  transmission  time  of  the  signals  comes  out  as  an  incidental 
result.  When  the  signals  are  sent  eastward,  the  apparent  diffep 
ence  of  longitude  exceeds  the  real  difference  of  longitude  by  the 
transmission  time.  When  the  signals  are  sent  westward,  the 
apparent  is  less  than  the  true  longitude  by  the  same  quantity. 
The  average  of  the  two  values  is  the  true  difference  of  longitude, 
and  half  the  difference  of  the  two  values  is  the  transmission  time 
of  electricity.  For  example,  in  the  campaign  conducted  by  oft 
cers  of  the  United  States  Coast  Survey,  in  1869-70,  for  the  dete^ 
mination  of  transatlantic  longitudes,  I  obtained  the  following 
results.  The  total  transmission  time  between  Brest,  France,  ana 
Duxbury,  Mass.,  by  the  way  of  St.  Pierre,  was  '816  of  one  second 
The  total  distance  by  cable  is  3329  nautical  miles;  the  distance 
from  Brest  to  St.  Pierre  being  2580  nautical  miles,  and  that  from 
St.  Pierre  to  Duxbury  749  nautical  miles.  When  the  differences 
of  length,  caliber  and  materials  as  between  the  two  branches  of 
the  csu)le  are  all  taken  into  account,  I  find  that  the  transmission 
time  between  Brest  and  St.  Pierre  was  '639  of  a  second,  and 
between  St.  Pierre  and  Duxbury  '177  of  a  second,  so  that  the  two 
branches  were  traversed,  one  at  the  rate  of  about  4000  nautical 
miles  a  second,  the  other  at  the  rate  of  4230  nautical  miles  a  second. 

Wheatstone's  remarkable  experiments  on  the  velocity  of  fric- 
tion electricity,  first  published  in  1834,  offer  an  example  of  the 
second  method  of  measuring  great  velocities.  In  this  c-ase,  the 
experiment  was  made  upon  a  length  of  only  one  quarter  of  a  mile; 
and  the  exceedingly  small  fraction  of  time  required  by  electricity 
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0  timvene  this  short  disUmee  (amoanting  to  only  ||yJ5oq  of  one 
Mond)  beeune  distinctly  measurable  by  the  relative  displaoe- 
MDt  which  it  produced  in  the  images  of  two  sparks,  formed  in  a 
uidly  revolTing  mirror.  Hence  the  hasty  conclusion  was 
ibpted  that  the  velocity  of  electricity  was  288,000  miles  per 
Mond.  The  immense  discrepancy  between  this  result  and  those 
Asrwards  reached  by  experiments  on  land  and  ocean  lines  of  tele- 

Sih  could  not  be  overlooked,  and  an  explanation  was  sought  in 
dlfiv^it  tensions  of  friction  and  voltaic  electricity.  This  ex- 
ftpnation  was  unsatisfiEu^ry  because  direct  experiments  on  tele- 
yBsph  wires  appeared  to  indicate  that  the  velocity  of  electricity 
ms  independent  of  the  stren^h  of  the  battery.  The  discrepancy 
itself  Tanishes,  or  changes  its  character,  when  attention  is  ^ven 
to  the  law  that  the  transmission  time  of  electricity  is  proportional 
to  the  sQuare  of  the  distance.  Wheatstone's  experiment  simply 
proved  uiat  electricity  will  go  through  one-ouarter  of  a  mile  of 
~  at  the  rate  of  288,000  miles  per  secono,  and  that  it  would 
over  only  268  miles  of  similar  wire  in  one  second.    Now  this 

a  much  mnaUer  velocity  than  is  found  by  experiments  on  either 
bad  or  ocean  lines  of  telegraph ;  the  reason  bemg,  probably,  that 
in  the  inferences  from  Wheatstone's  experiment  no  account  has 
been  taken  of  the  intervals  of  air  which  separated  the  different 
hnncfaes  of  the  conducting  wire. 

Tlie  theoretical  law,  already  stated,  viz. :  that  the  transmission 
tone  increases  with  the  square  of  the  velocity,  has  been  verified 
agperimentally  by  Oaugain.  He  used  two  threads  of  cotton,  each 
of  which  was  1*65  meters  in  length.  When  tried  separately,  the 
tranainission  time  on  each  was  eleven  secondn.  When  they  were 
placed  end  to  end,  so  as  to  double  the  length,  the  time  was  forty- 
Imr  seconds. 

As  Wheatstone's  experiment  on  the  velocity  of  electricity  has 
never  been  repeated,  and  as  direct  experiments  upon  telegraph 
lines  are  not  numerous  and  are  not  likely  to  be  rapidly  multipled, 
Mid  have  not  been  hitherto  very  harmonious  in  their  results,  some 
other  indirect  method  of  conducting  the  investigation  may  be 
found  of  scientific  value.  For  this  purpose,  I  have  availed  myself 
of  Lissajous'  method  of  compounding  the  rectangular  vibrations 
of  two  tuning  forks,  and  amplifying  the  resultant  motion,  by  the 
twice  reflected  beam  of  light,  which  afterwards  enters  a  telescope. 

The  tuning  forks  and  telescope  are  permanently  fixed  to  a  base- 
board, so  as  to  preserve  their  adjustment.  Each  tuning  fork  is 
provided  with  an  electro-magnet,  in  order  to  maintain  its  vibra- 
tion for  a  long  time.  The  tuning  forks,  when  vibrating  independ- 
ently, are  nearly  in  unison,  each  making  about  128  viorations  in 
one  second.  Wben  the  electro-magnets  are  brought  into  action, 
by  a  voltaic  current  circulating  continuously  through  them  and  a 
standard  tuning  fork,  furnished  with  an  electro-magnet  and  a 
break-circuit  attachment,  the  first  two  forks  are  forced  into  exact 
unison  with  the  standard,  and,  therefore,  with  each  other.  Under 
these  circumstances,  the  resultant  orbit  seen  in  the  telescope  is  in- 
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variable.  If  the  inBtramental  oorrections  for  the  two  electro-mag- 
nets are  equal,  this  orbit  will  be  the  first  of  the  series  for  tM 
unison ;  that  is,  an  obliqne  straight  line.  If  this  is  not  the  case, 
it  will  be  convenient  to  make  it  so,  by  introdnciog  resistances  at 
the  proper  place  in  the  circuit.  Then,  the  apparatus  is  ready  to 
be  pat  to  the  work  of  measuring  the  velocity  of  electricity.  An 
additional  len^h  of  resistance  coil  is  introduced,  sufficient  to 
change  the  orbit  to  some  other  in  the  series.  The  befit  one  to 
select  is  the  straight  line  which  inclines  in  the  opposite  direction. 
The  new  orbit  proves  that  one  of  the  forks  beffins  a  vibration  by 
half  a  period  behind  the  other  fork ;  which,  in  Uiis  particular  case, 
is  tIj  of  one  second.  This  fraction  of  a  second  is  the  transmis- 
sion time  for  the  passage  of  the  current  through  the  additional 
resistance  coil.  Unison  forks  of  higher  pitch  would  register 
smaller  fractions  of  time.  So  would  also  forKs,  in  which  the  ratios 
of  vibration  were  less  simple ;  but  the  orbits  would  be  more  com- 
plex and  could  not  be  ooserved  with  the  same  precision  as  the 
straight  lines. 

I  have  perfected  the  apparatus,  just  described,  to  such  an  ex- 
tent  as  to  tleel  assured  of  its  adaptation  to  the  purpose  which  has 
been  specified.  But  I  wish  to  make  a  larger  number  of  observa- 
tions, upon  different  lengths  of  resistance  and  under  various  com- 
binations, before  I  give  numerical  results.  I  propose,  hereafter, 
to  subject  in  this  way  to  experimental  trial,  the  theoretical  law 
that  the  transmission  time  increases  with  the  square  of  the  dis- 
tance, and  that  the  velocity  is  inversely  as  the  distance.  If  this 
law  holds  eood,  the  unit  time  and  the  unit  velocitv  may  be  found 
for  a  unit  distance,  or  a  unit  resistance,  and  then  the  time  and  the 
velocity  can  be  computed  for  any  other  distance  or  resistance. 
This  unit  time  and  unit  resistance  must  be  accurately  calculated 
from  a  combination  of  all  the  results  of  the  various  experimenta 
It  is  also  desirable  to  ascertain  the  time  and  velocity  for  coiled 
and  uncoiled,  for  naked  and  covered  conductors ;  as  also  for  air 
lines  and  ocean  lines.  It  is  to  be  observed  that,  in  all  cases,  the 
time  and  velocity  ascribed  to  the  passages  of  the  electricity  apply 
to  that  amount  of  electricity  which  is  required  to  work  the  receiv- 
ing instrument. 


SCIENTIFIC    INTELLIGENCE. 

L  Chemistky  and  Physics. 

1.  Problems  in  Chemical  Dynamics, — In  continuing  his  valua- 
ble researches  in  thermo-chemistry,  Bbrthblot  has  developed 
some  important  facts  in  chemical  dynamics.  He  finds  tnat 
sodium  butyrate  when  crystallized  contains  three  molecules  of 
water,  all  of  which  it  loses  in  a  dry  vacuum  or  when  heated  to 
110"^  C.  The  last  half  molecule  of  water  is  very  persistent;  so 
that  by  careful  management,  a  definite  hydrate  of  this  composition 
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em  be  iaolmted.  If  now,  these  Baits  be  diaeoWed  in  120  parte  of 
water  at  6%  the  anhydrooB  salt  dried  at  lio®  gets  free  4*27  otlo- 
Tim^  the  same  salt  dried  in  a  vaouum  4*21  caloriee,  the  lower  hy- 
drate 3*66  ealoriea,  and  the  ter-hydrate  8*44  oalories.  Hence  (1) 
the  anhydrous  salt  is  identical,  however  dried ;  and  (2)  heat  is  set 
free  when  a  salt  already  abundantly  bydrated,  is  oissolved  in 
water.  From  the  above  nnmbers  also,  it  appears  that  the  onion 
ef  the  half  moleoole  of  water  (liqaid)  with  one  molecule  of  the 
anhydrous  salt  sets  free  0*58  calory ;  while  the  subsequent  union  of 
lliis  with  the  two  and  a  half  other  molecules  of  liquid  water,  sets 
free  ooly  0*SS  calory.  If  these  values  for  liquid  water  be  con- 
verted into  those  for  water  in  the  solid  state  by  subtracting  from 
them  the  heat  of  fusion  of  water,  0*7 1 5  for  each  half  molecule,  then 
the  oorioos  iaot  appears  that  the  union  of  the  first  half  molecide 
ofttorfts  0*186  calory,  that  of  the  subsequent  two  and  a  half  3*55 
ealoriea,  while  that  of  the  three  together  is  3*40  calories ;  or  in 
other  words  the  union  of  solid  water  to  solid  sodium  butyrate  to 
fbnn  a  crystallized  hydrate,  causes  a  considerable  absorption  <rf 
heat^  contrary  to  the  general  fictct.  Consequently  it  is  clear  that 
the  formation  of  hydrated  sodium  butyrate  at  a  temperature  at 
which  water  is  liquid,  L  e.,  above  zero,  must  be  attended  with  the 
ev<dution  of  heat,  while  the  same  hydrate  produced  with  solid 
water,  below  aero,  would  cause  an  absorption  of  heat  in  its  produo- 
tioD.  Berthelot  calls  attention  to  the  cnange  of  sign  in  the  heat- 
vdationa  produced  by  combination  at  different  temperatures  as  be- 
ing a  fru^  of  the  same  order  as  that  observed  in  allotropic  ele- 
mental changes,  such  as  for  example,  those  of  sulphur.  The 
thennic  relations  then  of  allotropic  ehanffes  of  state  are  thus 
doBely  approximated  to  those  of  a  chemical  reaction  properly  so 
csDed ;  the  stability  of  the  bodies  formed  being  intimately  related 
to  the  changes  of  siffn  in  the  heat-relations  attending  their  trans- 
formation.— Ann.  Chem,  Phys.^  Y,  vi,  433,  Dec.,  1875.     e.  f.  & 

2.  Action  of  Light  an  Silver  Bromide^  colored  and  tmcoiored 
— >H.  y  ooxL  has  ffiven  a  resumi  of  the  results  of  his  recent  experi- 
ments  upon  the  chemical  action  of  light  upon  silver  bromide  Doth 
pore  and  when  mixed  with  some  coloring  matter.  Ue  finds :  (1) 
that  pure  silver  bromide  shows  by  safSoiently  long  exposure  to  a 
strong  light,  a  sensitiveness  even  to  the  ultra-red  rays — having  ob- 
tained p&tes  showing  not  only  the  line  A  but  a  line  beyond  this, 
St  a  distance  equal  to  that  between  A  and  B.  Silver  chloride  is 
also  sensitive  as  far  as  A  and  silver  brom-iodide  even  beyond. 
(2)  To  the  substances  already  mentioned,  which  increase  the  sensi- 
tiveness of  silver  bromide  for  the  special  rays  which  they  absorb, 
may  be  added  methjl-violet  and  cyanin,  the  latter  increasing  re- 
markably the  sensitiveness  for  the  orange.  (3)  In  j^ace  of  putting 
the  coloring  matter  into  the  collodion  as  formerly,  Vogel  now  pre- 
fix's to  flow  the  previously  prepared  plate  with  an  alcoholic  solu- 
tion of  the  coloring  matter  which  is  then  allowed  to  dry.  (4)  £x- 
Eeriments  are  necessary  to  determine  the  strength  of  these  alco- 
olic  solutions,  since  when  they  are  too  strong,  the  light  is  seri- 
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oosly  weakened  before  reaching  the  collodion.    I^  however,  the 

Prepared  plate  be  exposed  to  the  spectram  from  the  back  side,  this 
imculty  will  be  avoided.  Moreover,  in  this  way  the  action  of  im- 
perfectly transparent  coloring  matters  may  be  tested. — Ser.  Berk 
Chmi,  Ges,^  viii,  1635,  Jan.,  1876.  o.  f.  b. 

3.  Corrosion  of  JPicUinum  SUUe  by  Sulpharie  Acid, — In  1862, 
ScHBUBBR-KssTNEB  communicated  to  Dr.  Hofmann  the  results 
obtained  bv  him  in  concentrating  snlpbnric  acid  in  stills  of  plati- 
num, whicn  were  published  by  the  latter  in  his  Report.  The 
figures  there  given  having  been  criticised  as  exaggerated,  the 
author  now  publishes  further  facts  upon  this  question.  From 
1851  to  1861,  4809  tons  of  sulphuric  acid  were  concentrated  to 
66°  B.  in  an  alembic,  the  body  of  which  weighed  40  kilograms. 
The  entire  loss  of  this  part  of  the  still  was  12295  grams  or  2'859 
grams  for  each  ton  or  acid.  To  destroy  the  nitrous  products 
which  were  the  cause  of  this  large  loss,  ammonium  sulphate  was 
added  in  amount  just  sufficient  for  the  purpose.  In  1862,  1843 
tons  of  acid  were  concentrated  in  the  still,  with  a  loss  of  2490 
grams;  being  1*22  jzrams  of  platinum  for  each  ton  of  acid,  a 
marked  decrease.  From  1864  to  1875,  17516  tons  of  acid  (of 
1000  kilograms  each)  were  concentrated  to  66"^  in  a  still  the  body 
of  which  weighed  50  kilograms.  The  acid  contained  no  nitrous 
compounds,  and  only  sulphurous  acid.  The  loss  of  the  still  was 
16178  grams,  or  0'925  grams  to  the  ton  of  acid.  To  produce 
acid  therefore  of  66°  B.  containing  94  per  cent  HjSO.,  there  is  a 
loss  to  the  still  per  ton  of  acid  of  one  gram  when  nitrous  com- 
pounds are  absent,  and  of  2^  to  3  grams  when  they  are  present 
These  numbers  are  much  increased  however,  by  carrying  the  con- 
centration above  66°.  In  a  still  weighing  30  kilograms,  180  tons 
of  acid  were  produced,  containing  97-98  per  cent  real  acid.  The 
still  lost  1092  grams  platinum,  or  6*07  grams  per  ton  of  acid.  In 
producing  47  tons  of  acid  of  99^  per  cent,  there  was  a  loss  of  8*80 
grams  platinum  per  ton  of  acid.  An  analvsis  of  the  acid  itself 
showed  8*38  grams  of  platinum  to  the  ton,  in  solution  in  it.  To 
the  figures  here  given  for  the  lops  of  the  body  of  the  retort,  about 
13  per  cent  should  be  added  for  the  other  parts.  It  appears  then 
that  this  loss  of  platinum  in  concentrating  sulphuric  acid  is  actual, 
and  that  it  is  a  chemical  not  a  mechanical  one.  The  use  of  a 
platinum-iridium  alloy  for  the  stills  prevents  to  a  large  extent  this 
action,  but  the  brittleness  and  consequent  fragility  of  the  alloy  is 
a  serious  objection  to  it. — Bull.  tSoc.  Ch.^  II,  xxiv,  501,  Dec., 
1876.  G.  p.  B. 

4.  Production  of  a  Secondary  Hexyl  Alcohol. — Obchsnbb  de 
CoNiNCK  has  studied  the  products  obtained  by  the  hydrogenation 
of  ethyl-butyryl,  a  mixed  acetone  discovered  by  M.  Friedel 
among  the  products  of  the  dry  distillation  of  calcium  butyrate. 
To  obtain  the  ketone,  two  kilograms  of  this  salt  were  distilled  in 
portions  of  150  grams,  and  gave  660  grams  of  distillate,  which 
when  fractionated  yielded  a  little  butyral,  considerable  methyl- 
butyral,  80  grams  of  a  limpid  highly  refractive  liquid  of  a  strong 
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Iwreal  odor,  boiling  at  122^-124®,  which  analysis  showed  to  be 
byl-botyryl,  and  a  considerable  quantity  of  bntyrona  To 
wogenmte  this  inized  ketone,  a  layer  of  water  was  placed  in  a  flask, 
d  on  tluB  the  ketone  was  placed.  On  adding  sodiam  in  fras- 
ents,  these  sank  through  the  upper  layer,  came  in  contact  wiui 
e  water,  erolved  hydi^^n  and  rose  through  the  ketone  again, 
id  so  on.  On  ftaotionmg,  a  limpid  mobile  highly  refracting 
pod  passed  over  at  184%  which  had  an  agreeabte  ethereal  odor 
id  a  Dnniing  taste,  and  which  afforded  on  analysis  the  formula 
|H,^0.  Hence  it  is  a  hexyl  alcohol,  and  since  it  is  formed  by 
e  fixing  of  hydrogen  on  ethyl-butyryl  ketone  as  isopropyl  aloo- 
il  is  from  acetone,  it  is  a  secondary  alcohol  The  reaction  is 
messed  as  follows : — 

a 


)c&  *+H,=  )ckdk 

/  C.H,  (  C3H, 


ohexyl  alcohol  is  soluble  in  ethyl  alcohol  and  ether,  scarcely  in 
Iter.  Its  density  at  20^  is  0'81825,  it  etherifies  readily  with 
rdriodic  acid,  yielding  an  iodide  boiling  at  164^-166^,  and  an 
etate  boOing  at  149''-151°.  Beside  this  alcohol,  an  oily  li(|uid 
18  obtained  in  the  distillation  after  treatment  with  sodium 
iiieh  boiled  at  252^-255%  and  had  the  composition  C^iH^eO,. 
restigation  showed  it  to  be  a  pinacone  produced  by  the  union 
two  molecules  of  the  ethyl-butyryl,  with  a  fixation  of  an  atom 
hydrogen  on  each.    Its  formula  is — 

M0C2    ^3^5 

H06— doH. 

reated   with  sulphuric  acid,  and  fractionated,  it  yielded  on 

lalysis  numbers  indicating  a  mixture  of  a jpinacolin  and  a  hydro- 

rbon,  but  the  quantity  was  too  small  to  effect  their  separation. — 

tfAL  Soc  Ch,^  n,  XXV,  7,  Jan.,  1876.  o.  f.  a 

5.  On  Rosolie  .^ci£— Grasbb  and  Oabo  have  made  a  more 

mplete  investigation  of  the  acid  which  Wanklyn  and  Oaro 

»tained  from  rosaniline  by  converting  it  into  the  diazo-compound 

id  then  decomposing  it  by  water,  with  a  view  to  throwing  some 

^ht  upon  the  constitution  of  rosaniline  itsel£    This  acid,  which 

kd  been  called  rosolic  acid,  was  supposed  to  be  identical  with  a 

bstance  obtained  by  the  action  of  oxalic  acid  on  phenol,  by 

olbe  and  Schmitt.    But  this  latter  product  was  shown  by  Dale 

id  Schorlemmer  to  be  a  mixture,  and  they  isolated  from  it  a 

loring  matter  which  they  termed  aurin,  and  Fresenius  separated 

second  substance  which  he  termed  corallin.    Graebe  and  Oaro 

opose  therefore  to  retain  the  name  rosolic  acid  for  the  rosani- 

le  derivative.     The  rosolic  acid  was  prepared  bv  the  method 

ven  above  and  gave  on  analysis  the  formula  Og^H.^O^.    It 

rms  ruby-red  crystals  with  a  green  reflection,  is  soluble  m  hot 

cohol,  glacial  acetic  acid  and  ether,  insoluble  in  benziDe  and 

iM.  JouB.  8nT.,  Thibd  8BHTE8— Vol.  XI,  No.  S3.— Maboh,  ISTSw 
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carbon  disulphide,  slightly  solable  in  water.  It  acts  like  a  weak 
acid,  the  ammonia  salt  crystallizing  in  needles.  By  reducing 
agents  it  is  converted  into  hydro-rosolic  acid,  and  by  ECy  into 
hydro-cyan-rosolio  acid.  Acid  alkali  salphites  dissolve  it  to  a  col- 
orless solution.  Oxidizing  agents  convert  it  into  a  minium-red 
substance.  By  heating  with  acetic  oxide  no  acetyl-derivatives 
are  produced.  Warmed  in  alkaline  solution  with  zinc  dust,  leuco- 
rosolic  acid  is  obtained  in  colorless  silky  crystals.  This  yields  a 
triacetyl  derivative.  Triaoetyl-hydrocyan-rosolic  acid,  tetrabrom- 
rosolic  acid,  tetrabromleucorosolic  acid  and  bydrocyantetrabrom- 
rosolic  acid  are  described,  and  the  analog  of  this  body  to  the  phtha- 
leins  in  this  respect  is  noted. — Liebi^a  Ann.^  clxxix,  184,  Nov., 

1875.  6.  F.  B. 

d.  On  the  Synthesis  of  Betaine, — Betaine  (or  oxyneurine  as  it 
is  also  called)  is  known  to  be  a  tri-methylated  glycocolL  Gribsb 
has  succeeded  in  effecting  a  new  synthesis  of  it  by  acting  on  an 
alkaline  solution  of  glycocoll  with  methvl  iodide.  The  glycocoU 
(one  atom)  is  dissolved  in  an  excess  of  concentrated  potassium 
hydrate  solution,  the  methyl  iodide  ^three  atoms  or  more)  is 
added,  and  as  much  methyl  alcohol  as  is  needed  to  make  a  homo- 
geneous mixture.  Soon  a  reaction  sets  in,  the  mixture  becomes 
acid  and  alkali  must  be  added.  The  liquid  is  neutralized  with 
hydriodic  acid,  the  methyl  alcohol  distilled  off,  the  residue  diluted 
and  a  solution  of  iodine  in  hydriodic  acid  added.  On  standing, 
blackish-brown  brilliant  needles  of  betaine  periodide  separate. 
These  suspended  in  water  and  treated  with  H^S  affora  pure 
betaine  liydriodatc,  from  which  the  other  salts  and  the  free  oase 
can  be  easily  prepared. — Ber,  BerL  Chem.  Ges,,  viii,  1406,  Nov., 

1876.  G.  p.  a 

7.  A  New  Acid  isomeric  with  Alizarin, — Schunk  and  Robmsb 
have  discovered  in  the  commercial  alizarin  made  by  Perkin  in 
London  an  acid  of  the  formula  Cj^HgO^,  isomeric  not  only  with 
alizarin  itself  but  also  with  anthraflavic  acid.  From  alcohol  it 
crystallizes  in  long  brownish -yellow  needles.  It  is  soluble  in 
baryta  water  with  a  dark  red  color,  but  possesses  no  coloring 
propeities.  The  authors  are  engaged  in  studying  it  more  thoi> 
oughly. — Ber.  Berl,  Chem,  Ges.y  viii,  1628,  Jan.,  1876.     o.  p.  a 

8.  On  the  ConsfittUiofi  of  Acids  and  Salts. — Bbrthblot  has 
given  a  resum^  of  his  results  obtained  by  a  thermo-chemical  in- 
vestigation of  the  composition  of  acids  and  salts  when  in  solution, 
which  affords  a  ready  method  for  their  classification.  According 
to  his  experiments,  tne  relative  energy  of  acids  and  bases  may  be 
measured  by  the  inequality  of  decomposition  of  their  salts  by 
water,  added  in  gradually  increasing  amount ;  this  decomposition 
being  indicated  by  the  amount  of  heat  absorbed  or  evolved. 
Thus  in  the  first  class  are  placed  strong  acids  and  bases.  These, 
when  dissolved  separately  in  water  and  mixed  in  equal  equiva- 
lents, form  stable  neutral  salts,  and  set  fi^e  a  quantity  of  heat 
nearly  constant  for  all  the  bodies  of  this  class,  and  which  does  not 
vary  when  more  water  is  added,  nor  by  the  addition  of  more  of 
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tlie  Mane  or  of  another  base.  To  tiiis  class  belong  the  chlorides^ 
nitrates,  and  normal  sulphates  of  the  fixed  alkalies.  In  the  second 
ehss  of  acids  and  bases,  Berthelot  places  those  which  are  decom- 
posed by  water  progressively,  the  decomposition  increasing  with 
the  amount  of  water  added.  Sometimes  this  increase  is  contmnoos 
either  indefinitely,  or  possessing  a  definite  limit.  To  this  class 
belong  borates,  carbonates,  cyanides,  sulphides,  alkali  phenatee, 
soetates,  balyrates  and  valerianates.  Sometimes  the  decomposi- 
tion takes  placed  in  its  entirety  by  the  first  portion  of  water 
idded;  so  that  the  thermometer  shows  an  absorption  of  heat 
nearly  equal  to  that  which  is  evolved  in  the  original  formation  of 
the  salt.  Such  are  the  salts  formed  by  the  alulies  with  iJcohol, 
glycerin,  mannite,  etc  Of  course  the  decomposition  by  water  is 
Uie  more  marked  when  the  base  is  also  feeble,  like  the  oxides  of 
the  heavy  metals.  In  this  case,  the  decomposition  is  apparent 
even  with  acids  of  the  first  class.  Even  ammonium  salts  with 
ttrong  acids  are  thus  decomposed,  though  to  a  less  degree  than 
when  the  acid  is  weak.  The  author  draws  the  conclusion  that  in 
eolation,  strong  acids  always  unite  with  strong  bases,  leaving  the 
feebler  members  to  each  other.  To  account  for  the  stability  of 
the  alkali-salts  of  strong  acids,  he  supposes  that  the  formation  of 
definite  hydrates  by  the  union  of  water  with  the  acid  and  the  base, 
taken  separately,  under  the  conditions  of  the  experiment,  sets  free 
a  total  amount  of  heat  which  is  less  than  that  evolved  in  the  for- 
mation of  the  normal  salt  itself  So,  reciprocally,  if  the  alkali-salts 
di  feeble  acids  are  decomposed  by  water,  the  reason  is  to  be  found 
in  the  excess  of  the  thermic  effects  due  to  the  formation  of 
hydrates  over  those  which  result  from  the  formation  of  the  normal 
salt.  Several  of  the  many  important  considerations  which  flow 
from  this  hypothesis  are  given  at  length  in  the  paper. —  (7.  ^•, 
Ixxxi,  844,  Nov.,  1875.  G.  f.  a 

9.  Division  of  an  Add  among  several  Bases. — ^M.  Bbbthelot 
has  endeavored  to  solve  the  question  whether,  if  an  acid  is  present 
irith  several  bases,  it  will  unite  with  one,  or  be  divided  among 
them.  Berthollet  believed  that  each  base  would  take  an  amount 
of  the  acid  determined  by  its  capacity  for  saturation  and  its  quan- 
tity ;  for  equal  weights  that  each  body  would  take  an  amount  in- 
versely as  its  equivalent:  or,  if  the  bases  were  employed  in 
amounts  proportional  to  their  atomic  weights,  each  would  take 
half  the  acid.  Gay  Lussac  believed  that  a  complete  mixture  took 
place,  and  that  the  salts  were  formed  only  when  separated  by 
their  insolubility,  crystallization  or  volatility.  To  test  these 
views,  two  bases  were  selected  which  disengaeed  an  unequal 
amount  of  heat  in  uniting  with  the  sam^  acid.  Thus  mixtures  of 
equivalent  weights  of  chloride  of  ammonium  and  caustic  soda 
were  mixed.  The  difference  in  this  case  of  the  two  bases  would 
equal  1*12  units  of  heat.  Were  the  theory  of  Berthollet  correct, 
half  of  the  acid  should  tto  to  the  soda  setting  free  *56  units  of 
heat.  Other  divisions  of  the  acid  might  set  nee  any  quantity 
from  0  to  ri2.    According  to  Gay  Lussac  there  should  be  no 
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feneration  of  heat,  or  at  least  the  amount  should  be  uncerta 
inally,  if  all  the  aoid  passed  over  to  the  soda,  the  amount 
heat  set  free  should  be  1*12.  Tlie  amount  actually  obsen* 
equalled  1  '07,  which  as  the  probable  error  is  ±'04,  evidently  8< 
sibly  equals  1*12.  The  very  small  difference  of  -OS  is  also  < 
plained  by  the  purely  physical  action  exercised  by  ammonia  or 
solution  of  chloride  of  sodium.  In  fact  a  mixture  of  the  sai 
quantities  of  ammonia  water  and  chloride  of  sodium  absorbs  ' 
units  of  heat.  Similar  effects  are  also  obtained  by  replacing  t 
chloride  by  the  nitrate  or  sulphate,  or  by  using  potash  instead 
soda.  Not  only  can  ammoma  be  replaced  by  soluble  bases  su 
as  potash  or  soaa,  but  even  by  those  which  are  insoluble,  such 
lime.  According  to  Berthollet  there  should  be  a  division  at  fir 
then  a  precipitation  of  the  lime,  and  so  on  until  it  was  who 
separated.  6ut  this  effect  is  not  produced,  the  lime  is  not  p 
cipitated  but  dissolved  in  the  chloride  of  ammonium.  To  det 
mme  the  real  nature  of  the  reaction  a  certain  amount  of  lime  ^ 
precipitated  from  the  chloride  by  soda;  1*18  units  of  heat  wc 
thus  absorbed.  It  was  then  dissolved  by  chloride  of  ammoi 
when  2 '24  units  of  heat  were  disengaged.  But  in  the  latter  ope 
tion  the  solution  of  the  hydrate  of  lime  by  the  ammonia  shot 
give  out  I'lO  units  of  heat;  and  the  redissolving  of  the  li] 
should  give  out  1*10,  or  in  all  2*20,  which  agrees  closely  with  2*i 
the  observed  amount.  Again,  the  total  heat  set  free,  — 1'18-|-2" 
=:1*06  is  very  nearly  equal  to  1*07,  the  amount  set  free  in  t 
previous  experiment  by  the  direct  action  of  the  soda  on  the  ch 
ride  of  ammonia.  These  facts  and  measures  prove  that  the  doul 
salts  and  the  change  of  the  solvent  are  not  the  cause  of  the  pi 
nomcna ;  while  they  are  completely  explained  by  the  comph 
substitution  of  the  Ume,  a  nearly  insoluble  base,  by  the  ammon 
a  soluble  base.  We  see  therefore  that  this  substitution  may  ta 
place  contrary  to  the  laws  of  Berthollet. — Ann,  Chim.  et  Phy 
vi,  662.  E.  c.  p. 

10.-4  new  Pyrheliometer, — M.  A.  Crova  has  measured  the  c 
orific  intensity  of  the  solar  radiation  and  its  absorption  by  t 
atmosphere  of  the  earth.  With  the  pyrheliometer  of  Pouillet 
appeared  that  the  indications  varied  with  the  method  of  prepari 
the  surface.  If  the  silvered  chamber  containing  the  water  is  si 
ply  covered  with  one  or  more  coatings  of  lampblack,  a  portion 
the  heat  after  passing  through  the  coating  is  reflected  by  t 
metal  and  thence  passes  out  through  the  lampblack  which 
diathermanous.  The  absorption  is  rendered  more  complete 
employing  an  absorbing  layer  which  is  wholly  metallic.  A  rou 
layer  of  copper  is  deposited  galvanically  on  the  box  and  on  tJ 
a  layer  of  platinum  olack.  A  large  thermometer  having  a  bi 
40  mm.  in  diameter  and  a  tube  300  mm.  long  replaces  the  or 
nary  silvered  box.  The  bulb  is  covered  with  silver,  copper,  pla 
num,  and  finally  with  a  thin  coating  of  lampblack.  The  tu 
ends  with  a  second  bulb  containing  a  little  mercury,  which  m 
be  introduced  ad  an  index  into  the  tube.    This  thermometer 
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introduced  into  a  hollow  brass  sphere  polished  without  and  black- 
ened within,  and  having  an  aperture  30  mm.  in  diameter  through 
which  the  sun's  rays  penetrate.  The  observation  of  the  heating 
after  numerous  corrections  gives  with  great  delicacy  the  relative 
heat  of  the  sun  at  different  times. —  Comptes  Rendus^  ixxxi,  1205. 

E.  c.  p. 

11.  Thermal  Equivalent  of  Magnetism, — M.  A.  Cazin  has  pub- 
lished in  full  a  series  of  experiments  on  the  relations  of  heat  and 
magnetism.  In  the  first  portion  of  the  memoir  three  methods  are 
described  of  measuring  the  relative  values  of  the  beat  created  by 
the  disappearance  of  magnetism,  in  the  core  of  an  electro-magnet. 
The  second  section  demonstrates  several  laws  of  the  magnetic 
heat  developed,  and  shows  that  this  heat  is  really  due  to  the  dis- 
appearance of  the  magnetism.  But  in  the  induction  of  the  core 
on  the  coil,  and  of  the  coil  on  itself,  causes  of  beat  are  found 
which  should  be  allowed  for.  The  fundamental  law  deduced 
from  these  experiments  is,  that  the  disappearance  of  magnetism 
in  the  core  of  a  bar  electro-magnet  having  two  poles  is  accom- 
panied by  the  creation  of  a  quantity  of  heat  Q  proportional  to  the 
polar  interval  /,  and  to  the  square  of  the  quantity  of  temporary 
magnetism  m  which  the  core  acquires  when  the  circuit  is  closea. 
The  product  m'/  is  a  magnitude  of  the  same  kind  as  thequantity 
of  heat  Q  and  may  be  called  the  magnetic  energy.    The  ratio 

-^  will  be  the  mechanical  equivalent  of  heat.    In  the  third  see* 

tion  the  value  of  Q  is  determined  in  units  of  heat  while  the  effects 
of  induction  are  inconsiderable.  The  first  series  gave  as  a  mean 
of  five  experiments  while  the  spark  was  broken  in  all  110600000, 
as  the  magnetic  equivalent.  A  second  more  reliable  series  with 
the  spark  broken  in  ether  gave  106000000.  Both  are  a  little  too 
great  because  the  induced  current  on  breaking  the  circuit  is  not 
zero.  Hence,  probably  the  true  value  does  not  differ  materially 
from  lOOOOOOOO. — Ann.  Chim.  et  Phys,^  vi,  493-564.       E.  c.  P. 

12.  JLeyden  Jar  Regvlator, — Professor  McLeod  at  a  recent  meet- 
ing of  the  Physical  Society  showed  an  arrangement  for  ensuring 
that  the  charge  given  to  a  Leyden  jar  shall  not  exceed  any  fixed 
limit.  Through  a  cork  in  the  upper  end  of  a  bell-glass  passes  a 
brass  rod,  insulated  through  its  entire  length  by  a  glass  tube, 
through  which  it  passes  freely.  To  the  upper  end  is  attached  a 
brass  knob,  and  the  lower  end  is  pointed  and  provided  with  a 
screw  thread,  so  that  it  can  be  set  at  any  distance  within,  or 
through,  a  hollow  brass  ball,  perforated  below  and  rigidly  fixed 
to  the  glass  tube.  Within  the  bell-glass  is  a  loose  cage  of  perfor- 
ated sheet  zinc  and  a  vessel  containing  strong  sulphuric  acid.  The 
whole  stands  on  a  metallic  plate  to  secure  a  good  earth  connec- 
tion. The  action  is  as  follows:  if  the  rod  be  screwed  down  so 
that  the  point  projects  through  the  hollow  ball,  the  upper  knob 
and  the  lower  metallic  plate  being  connected  with  the  two  poles 
of  a  Holtz  machine,  only  short  sparks  can  be  obtained,  because  a 
large  amount  of  electricity  escapes  at  the  point ;  but  if  the  rod 
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be  rfdsed  so  that  it  barely  enters  the  hollow  ball  at  the  top,  no 
escape  takes  place  from  it,  and  the  machine  will  give  its  fall 
length  of  spark.  By  varying  the  position  between  these  two 
extreme  limits,  any  required  length  of  spark  or  amount  of  charge 
for  an  interposed  Leyaen  jar  can  be  obtained. — Nature,  xiii,  1 40. 

E,  c.  p. 

1 8.  Report  to  the  Philosophieai  Society  of  Glasgow  on  the  Pro- 
duction of  Nitric  acid  from  the  free  Nitrogen  of  the  air.  Part  L 
By  E.  M*  Dixon.  18  pp.  8vo.  Glasgow,  1876. — ^The  author  first 
discusses  the  researches  connected  with  ozone  made  by  SchOnbein, 
Marignac,  De  La  Rive,  Baumert,  Pro£  Andrews  of  Belfast,  and 
others,  and  states,  as  the  accepted  conclusion,  that  ozone  is  the 
only  allotropic  form  of  oxygen,  m  other  words  that  antozone  has 
no  existence.  The  report  then  considers  the  production  of  nitric 
acid  through  the  agencv  of  ozone ;  four  allegea  methods  of  which 
are  mentioned,  viz. :  (1)  by  contact  of  nitrogen  or  the  atmosphere 
with  bodies  undergoing  oxidation ;  (2)  during  electrical  discharges 
in  the  air;  (3)  the  coim>ining  of  ozone  with  nitrogen  in  the  pres- 
ence of  water;  (4)  through  the  evaporation  and  condensation  of 
water  in  the  air.  The  consideration  of  nitrification  by  the  first 
method  is  pronounced  to  be  as  yet  doubtful,  but  the  consideration 
of  it  is  deferred  to  the  second  part  of  the  report.  With  regard  to 
the  second  and  third  methods,  it  states  that  there  is  clear  proof 
of  the  fact  that  the  electric  spark  is  capable  of  effecting  the  com- 
bination of  oxygen  and  nitrogen  in  a  dry  mixture  of  these  gases ; 
but  that  there  is  little  or  no  <u)ubt  that  nitrification  does  not  occur 
in  nature  from  the  action  of  ozone  upon  the  nitrogen  of  the  air ; 
and  that  the  production  of  peroxide  of  hydrogen  in  nature,  as 
shown  by  Engler,  Nasse,  Carius,  Sch5ne,  must  be  ascribed  to  some 
other  cause  than  the  action  of  ozone  upon  either  aqueous  vapor 
alone,  or  upon  it  and  nitrogen  together. 

Upon  the  fourth  method,  the  report  remarks  as  follows :  "  In 
1862  Schonbein  announced  the  fact  that,  if  water  is  partially 
evaporated  in  the  air,  the  residue  contains  nitrite  of  ammonia,  and 
that  the  same  salt  is  to  be  found  in  the  water  formed  by  the  con- 
densation of  vapor  in  air.  Of  these  facts  there  is  no  doubt. 
Sch5nbein,  however,  without  ascertaining  whether  the  salt  in 
question  did  not  exist  ready  formed  in  the  air  employed  in  his 
experiments,  rushed  to  the  conclusion  that  it  must  have  been 
formed  dunng  these  experiments,  by  the  combination  of  free 
nitrogen  with  water.  Obvious  as  the  precaution  indicated  now 
seems  to  be,  it  must  also  be  said  that  it  does  not  appear  to  have 
occurred  at  the  same  time  to  any  one  else ;  and  some,  while  ac- 
cepting Sch6nbein's  explanation  of  the  production  of  nitrite  of 
ammonia  from  free  nitrogen  and  water,  even  thought  to  contest 
his  claim  to  all  the  merit  of  having  discovered  so  remarkable  a 
property  in  free  nitrogen.  The  following  quotation  from  a  re- 
cently published  volume,  by  Dr.  T.  Sterry  Hunt,  entitled  Chem- 
ical and  Geological  Essays,  will  show  that  he  still  claims  a  con- 
siderable amount   of  credit  for  having  predicted,  on  theoretieal 
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gnmndSy  the  poesibility  ofjproduoiiig  nitrite  of  ammonia  from  free 
nhiwen  and  water,  and  for  haying  framed  thereupon  a  theory  of 
nitrincation. 

"*On  September  15, 1862,  I  read  before  the  French  Academy 
of  Sciences  a  note  on  The  Nature  of  Nitrogen,  and  the  Theory  of 
Nitrification,  published  in  the  Comptes  Rendus  of  that  date,  and 
translated  in  the  Philosophical  Magazine  for  January,  1863,  in 
which  I  repeated  the  pomts  above  given,  and  then  proceeded  to 
eonrider  the  results  announced  bySchOnbein  in  1862.  I  said, 
"The  formation  of  nitrite  of  anmionia  by  the  combination  of  nitryl 
NN  with  H.  Ol  must  necessarily  be  limited  to  very  minute  Quantities 
by  the  instaoiutv  of  this  ammoniacal  salt  which,  as  is  well  known, 
deoomposes  readily  into  nitrogen  and  water.  In  order,  therefore, 
to  produoe  any  considerable  quantity  of  a  nitrite  by  this  reaction, 
there  is  required  the  presence  of  active  oxygen,  or  of  a  fixed  base 
to  separate  the  anunonia.  The  recent  experiments  of  Sch5nbein 
have  furnished  new  evidences  of  the  direct  formation  of  a  nitrite 
at  the  expense  of  the  nitrogen  of  the  atmosphere.  According  to 
him,  when  sheets  of  paper  moistened  with  a  feeble  solution  of  an 
alkali,  or  an  alkaline  caroonate,  are  exposed  to  the  air,  especially 
in  the  presence  of  a  watery  vapor,  ana  at  a  temperature  of  60°  or 
60*  C,  the  alkaline  base  soon  fixes  a  sufficient  quantity  of  nitrous 
acid  to  give  the  characteristic  reactions.  Appreciable  traces  of 
nitrite  are,  according  to  SchOnbein,  obtained  m  this  way,  even 
without  the  intervention  of  an  alkalL  He,  moreover,  found  that 
distilled  water,  mixed  with  a  little  potash  or  sulphuric  acid,  and 
evaporated  slowly  at  a  temperature  of  about  50°  C.  in  the  open 
air,  fixes  in  one  case  a  small  portion  of  ammonia,  and  in  the  other 
a  little  nitrous  acid.  Traces  of  a  nitrite  are  also  formed  in  pure 
water  under  similar  conditions.  SchOnbein  explains  all  these  re- 
sults by  the  combination  of  nitrogen  with  the  elements  of  the 
water,  producing  at  the  same  time  anmionia  and  nitrous  acid.  As 
he  has  well  remarked,  this  reaction  serves  to  explain  the  absorp- 
tion of  nitrogen  by  vegetation,  and  through  the  oxidation  of 
nitrite,  the  formation  of  nitrates  in  nature.  By  these  elegant 
experiments  he  has  confirmed,  in  a  remarkable  manner,  my  theory 
of  nitrification,  and  of  the  double  nature  of  free  nitrogen.  It  is, 
however,  evident  that  since  the  publication  of  my  note  of  March, 
1861,  above  referred  to,  we  cannot  say  with  SchOnbein  that  the 
generation  of  nitrite  of  ammonia  from  nitrogen  and  water  is  *  a 
most  wonderful  and  wholly  unexpected  thing.' " 

"  It  is,  however,  unfortunate  for  Dr.  Hunt's  theoretical  anticipa- 
tions that  no  sooner  did  experimentalists  begin  to  purify  the  air 
that  they  used  in  repeating  Schdnbein's  experiments,  than  the 
production  of  nitrite  of  ammonia  suddenly  stopped.  The  experi- 
ments of  Bohlig  and,  more  recently,  of  Carius,  show  that  neither 
during  the  evaporation  of  water  in  air,  nor  during  the  condensa- 
tion of  its  vapor,  does  a  trace  of  nitrite  of  ammonia  manifest  itsel£ 
The  experiments  of  Carius  are  especially  decisive  on  the  point,  as 
they  were  both  numerous  and  most  carefully  performed.    The 
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Terdict  here,  then,  is  verj  clearly  adverse  to  the  statements  that 
have  been  made  regarding  the  evaporation  of  water  and  the  con- 
densation of  aqueous  vapor  as  sources  of  nitric  acid." 

14.  On  the  JSkctrieal  Conductivity  of  Stretched  Silver  Wires  ; 
by  J.  G.  MacGbegor,  M.A.,  B.Sc. — A  paper  on  the  above  sub- 
ject, communicated  by  Prof.  Tait  to  the  Royal  Society  of  Edin- 
burgh on  the  dd  of  January,  contained  a  description  of  a  series  of 
experiments,  conducted  bv  the  author  to  find  the  effect  of  stretch- 
ing on  the  conductivity  of  silver  wires.  The  wires  were  stretched 
by  weights.  The  measurements  of  resistance  were  made  by 
means  of  a  Wheatstone's  bridge,  the  wire  under  examination  be- 
ing joined  up  as  one  of  its  arms.  The  dimensions  of  the  wires 
before  and  after  stretching,  were  determined  by  means  of  cathe- 
tometer  observations  and  Specific  gravity  determinations.  The 
increase  in  length  and  decrease  in  Udckness  of  the  wires,  caused 
by  stretching,  must  of  course  be  attended  by  a  corresponding 
increase  in  their  resistance.  The  question  to  be  determined  was 
whether  there  was  not  also  a  change  produced  in  their  resistance 
by  the  change  produced  by  stretching  in  their  molecular  state. 
Tx)  get  this  effect,  if  it  should  be  present,  at  its  maximum  the 
wires  were  heated  to  just  below  the  melting  point  before  the 
weights  were  hung  on.  The  results  were  such  as  to  warrant  the 
statement  that  if  any  such  change  is  produced  it  must  be  very 
slight,  the  difference  between  the  resistances  before  and  after 
stretching  being  (when  that  due  to  change  of  dimensions  had 
been  allowed  for)  so  small  as  to  be  within  the  limits  of  observa- 
tional error.  No  former  determinations  of  this  kind  have  been 
made  for  silver  wires.  For  copper,  iron  and  steel,  Mousson  has 
found  that  the  change  in  resistance  is  not  completely  accounted 
for  by  the  change  in  dimensions.  In  another  respect  also  silver 
appears  to  differ  from  copper  wires.  Meik  and  Murray  have 
found  that  the  total  increase  in  the  resistance  of  copper  wires,  due 
to  stretching,  is  directly  proportional  to  the  weights  by  which 
they  are  stretched.  Some  of  the  experiments  of  this  paper  show 
that  this  is  not  the  case  for  silver  wires. 

16.  T/ie  Nature  of  Lights  with  a  genercd  account  of  Physical 
Optica  ;  by  Dr.  Euobnb  Lammel,  Professor  of  Physics  in  the  Uni- 
versity of  Erlangen.  With  188  illustrations  and  a  plate  of  spectra 
in  chromolithography.  No.  xviii  of  the  International  Scientific 
Series. — This  is  a  very  excellent  popular  treatise,  intended  to  afford 
an  answer  to  the  question  "  What  is  the  Nature  of  Light  ?"  A 
mathematical  treatment  of  the  subject  is  avoided  in  the  text,  but 
simple  and  concise  analytical  discussions  of  the  more  important 
topics  are  given  in  appendices  to  the  different  chapters.  It  is  illus- 
trated with  numerous  wood-cuts,  many  of  which  are  novel  and  in- 
geniously devised,  but  most  of  them  would  have  been  more  effec- 
tive had  they  been  engraved  in  a  style  worthy  of  the  book.  The 
work  is  an  admirably  clear  and  well  arranged  exposition  of  its  sub- 
ject, and  is,  in  the  main,  well  translated. 
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10.  MiamuUt^IntroduoioryChemiei^UPrcKiice^ 
imie;  by  Oxobos  C.  Caldwell,  S.B.,  Fh.D.,  Professor  of  Agri- 
eoltnral  and  Analytdoal  Chemistry,  and  Abbam  A.  Bbknemav, 
&R,  Asaistuit  Professor  of  Apolied  Chemistry  in  Cornell  Univei- 
nty,  Ithaoa,  N.  Y.  Pablishea  by  the  authors.  124  pp.  12ma 
1876. — This  manual  is  an  experiment  on  the  jpart  of  the  authors  in 
s  novel  mode  of  chemical  instruction,  devised  bv  them,  with  a 
fiew  to  cultivate  on  the  part  of  the  student  haoits  of  careful 
observation,  attention  to  and  appreciation  of  phenomena,  and  the 
deduetion  of  I^^mate  results.  In  short  it  seeks  to  make  the  sto- 
lent  his  own  teacher  by  ample  synthetic  or  analytic  experiments, 
and  to  lead  him  on  by  easy  steps  to  an  understanding  of  principles 
iod  of  chemical  philosophy — in  a  way  unattainable  from  text- 
1)ookB  alone.  The  student  is  required  to  give  his  results  and  coo- 
dnsions  in  writing,  an  excellent  way  to  secure  accuracy  and  con- 
eisenesB  of  statemenU  He  is  presumed  to  be  in  attendance  on  a 
course  of  experimental  lectures,  and  to  be  reciting  at  the  same 
time  from  a  text-book.  The  work  bears  marks  of  careful  prepara- 
tion. 

17.  NaU  an  the  Hhetrical  Conductivity  qf  Saline  SolutianB; 
by  J.  6.  MacGbboob,  M.A.,  B.Sa,  Communicated  to  the  Roysl 
Society  of  Edinburgh,  May  17,  1876 ;  by  Professor  Tait  (Proa 
Roy.  ooc.  Edinb.,  1875,  646.) — ^This  note  is  a  reply  to  criticisms 
by  Professor  Beetz  published  in  the  Sitzungsberichte  of  the  Ber- 
lin Academy  (and  in  Pog^gendorfTs  Annalen)  on  a  paper  of  Mr. 
MacGr^or's  published  in  the  Transactions  of  the  Edinburgh 
Royal  Society,  xxvii,  pp.  51-70.  Mr.  MacGregor  shows  that  the 
criticisms  are  based  in  part  on  a  misunderstanding  of  his  paper 
and  of  his  method  of  experimenting. 

IL  Geology  ai^d  Mineralogy. 

1.  Supposed  Agency  of  lee-Floea  in  the  Champlain  Period; 
by  Professor  A.  Winghkll,  Syracuse,  N.  Y. — 1  have  lately  dis- 
covered some  new  instances  of  huge  limestone  masses,  anomalously 
detached  from  the  formatioi^  to  which  they  belong ;  and  have  emr 
braced  references  to  localities,  in  a  paper  read  before  the  American 
Association  at  Detroit.  These  are  masses  of  Carboniferous  lime- 
stone from  10  to  60  feet  in  length  and  often  of  unknown  thickness, 
floating  in  the  sands  of  Oceana  county,  apparently  100  or  200  feet 
above  the  bed  rock.  Some  of  these,  I  feel  constrained  to  believe, 
must  be  genuine  exposures  of  the  formation,  in  place ;  but  others, 
by  bein^  worked  out,  or  by  their  downhill  dip,  far  exceeding,  and 
disagreeing  with,  the  normal  dip  of  the  formation,  are  demonstra- 
bly dissevered  and  displaced  portions  of  it.  For  example,  one  re- 
gion of  exposures  of  this  class  in  the  town  of  Claybanks,  is  within 
half  a  mile  of  the  shore  of  Lake  Michigan,  where  we  have  a  bluff 
250  feet  in  height,  and  attaining,  a  few  rods  back,  an  elevation  of 
275  feet,  serving  as  a  station  of  the  U.  S.  Lake  Survey.  The  vicin- 
ity, for  miles  around,  is  elevated  250  to  300  feet  above  the  lake. 
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But  the  section  of  materials  exposed  in  the  blnff  apon  the  lake  shore 
is  wholly  Post-tertiary.  It  consists  of  intimately  mingled  sand  and 
clay,  confusedly  stratified  aboye,  horizontally  stratified  lower  down, 
ana  followed  downward  by  an  increase  of  argillaceous  material  and 
pebbles,  interrupted  by  a  bed  of  bowlders,  beneath  which  for  10  feet 
IS  a  mass  of  bowlder  clay  seen  aboye  a  lake-border  talus  of  ten  feet 
According  to  the  preyailing  constitution  of  the  drift  of  the  Penin- 
sula, there  should  lie,  still  fower,  a  thick  bed  of  fine,  horizontally- 
stratified  clay,  with  few  pebbles,  resting  on  a  bottom-sheet  of  peb- 
bles and  bowlders.  The  drift  here  is  presumably  not  less  than  300 
feet  thick.  Now  it  is  possible  that,  2,500  feet  back  from  this  blufij 
the  bed-rock  should  appear  at  the  surface :  but  my  experience  in 
Michigan  strongly  inclines  me  to  belieye  that  such  is  not  the  fact ; 
and  that  hence,  the  numerous  outcrops  near  the  lake  are  mere  de- 
tached masses. 

We  have,  then,  in  Michigan,  in  regions  widely  separated,  the  well- 
established  phenomenon  of  extensiye  tabular  masses  of  limestone 
floating  in  the  midst  of  semi-stratified  sands,  generally  believed  to 
haye  been  moyed  and  deposited  by  an  aqueous  action,  which,  ob- 
viously, could  not  have  transported  at  the  same  time  these  enor- 
mous tables  of  rock.  We  have,  in  addition,  in  some  parts  of  the 
State,  the  evidence  that  this  action  was  sometimes  exerted  in  a 
northerly  direction.  Geological  theory  must  attempt  to  account  foi 
these  facts. 

The  generally  accepted  doctrine  of  continental  glaciation,  recog- 
nizes a  time  when  the  broad  glacier  underwent  a  rapid  dissolution. 
The  volume  of  water  arising  is  belieyed  to  have  been  sufficient  to 
produce  a  long-continued,  torrential  flood,  which  moved  and  as- 
sorted whatever  detritus  existed  in  its  path.  Disregarding  the 
detrital  material,  which  must  have  originated  from  atmosph«'ric, 
pluvial  and  fluvial  action  over  the  preglacial  surface,  a  vast  volume 
of  detritus  must  have  been  originated  during  the  pre  valence  of  the 
glacier,  and  chiefly  through  its  action.  Most  of  this  must  have 
rested  at  or  near  the  bottom  of  the  glacier ;  but  probably  no  small 
portion  had  become  incorporated  with  the  ice,  or  intruded  into  its 
nssures,  or  deposited  upon  its  back.  The  first  glacial  film  embraced 
the  original  projections  of  the  ancient  surface,  which,  with  the  move- 
ment of  the  glacier,  must  have  been  displaced  to  become  ultimately 
a  part  of  the  glacier  debris.  These  and  the  materials  derived  from 
suD-glacial  detrition  must  have  found  their  way,  to  some  extent, 
into  the  hoUom  crevasses  caused  by  any  diminution  in  the  steep 
ness  of  the  slope  down  which  the  glacier  moved,  and  still  more 
when,  as  was  often  the  case,  the  change  of  slope  became,  in  reality 
a  northward  declivity.  These  ordinary  conditions  of  the  conti- 
nental glacier — but  feebly  represented  in  the  steeper  slopes  and 
narrowed  limits  of  modem  glaciers — must  have  resulted  frequently 
in  extensive  disruptions  of  the  ice,  faintly  typified  in  the  pyramids 
and  seracs  of  the  Alpine  ice-streams.  Such  upheavals  of  the  lowei 
beds — still  more,  occasional  complete  overturnings  of  portions 
of  the  glacier,  must  have  brought  considerable  earthy  detritus  tc 
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the  very  rarfiMse  of  the  glacier.  In  the  prooess  of  ages,  as  the  ioe 
may  be  aappoeed  to  have  gradually  diminished,  through  evapora- 
tion, if  not  Uirouffh  thawing,  the  saperficial  earthy  material,  which 
never  evaporated,  must  have  accnmnlated  to  a  large  extent.  How- 
erer  we  account  for  this  &ot,  every  one  knows  that  haman  bodies 
or  other  obiects,  accidentally  lost  in  the  glaciers  of  Mont  Blanc,  re- 
•ppear  at  the  surface  after  a  series  of  years,  at  points  some  thou- 
nnds  of  feet  below. 

I  infer,  therefore,  that  the  material  moved  by  the  diluvial  waters 
may  have  been  afforded  by  some  of  the  interior  portions  and  even 
the  surface  of  the  glacier,  as  well  as  by  the  subjacent  rock-rubbish. 
I  will  only  add  that  some  portions  of  the  material  in  and  upon  the 
ice  may  have  been  let  down  in  Hiu  by  the  slow  disappearance  of 
the  glacier^  without  having  been  subjected  to  the  assorting  action 
of  the  glacial  torrents.* 

This  process  is  impressively  illustrated  along  the  borders  of  the 
Mer  de  Glace  and  other  Alpine  glaciers ;  and  more  instructively 
still  in  the  buried  glacier  stumps  found  in  the  gulches  of  the  Sierra 
Kevada,  and  elsewhere  in  the  I^acific  States. 

I  know  of  no  certain  evidences,  in  Michigan,  of  a  Champlain  de- 
jMreesion  of  such  extent  as  to  bring  the  surfiu)e  of  any  i>ortion  of  the 
state  below  the  sea-level.  In  a  district  so  nearly  horizontal,  bow- 
ever,  there  must  have  been  a  period,  before  the  erosions  of  the  mod- 
em drainage  courses  had  begun,  during  which  the  drainage  was  ex- 
ceedingly obstructed  and  slow.  The  supply  of  water  from  the  dis- 
solving glacier  was  greater  than  could  be  aischarged  through  the 
forming  outlets;  and  the  extensive  areas  must  have  lain  submerged 
until  the  deepening  of  the  outlets  permitted  their  drainage.  But 
this  period  was,  by  hypothesis,  that  when  a  geologic  winter  was 
merging  into  a  geologic  spring.  There  was  not  yet  a  summer  cli- 
mate ;  and  the  annual  winter  must  have  congealed  the  surfaces  of 
the  surrounding  lakes,  and  arrested  the  superglacial  torrents,  if  it 
did  not  materially  diminish  the  flow  of  the  subglacial  ones. 

I  think  the  steps  of  this  reasoning  safe  and  sound.  But  we  have 
here  an  overlooked  condition  of  glacial  agency  in  the  natural  order 
of  sequence,  which,  it  seems  to  me,  is  adequate  to  explain  the  trans- 
positions of  rock-masses  to  which  I  have  referred.  There  were  re- 
^ons  in  these  lakes  where  rocky  formations  rose  nearly  to  the  sur- 
&ce,  or  projected  to  a  slight  extent  above  it.  On  the  freezing  of 
the  watery  surface,  these  would  be  firmly  embraced  in  the  ice. 
Meantime,  as  the  supply  of  water  is  diminishing  through  the  ad- 
vance of  the  annual  winter,  the  lake  subsides,  and  the  frost  takes 
hold  of  the  exposed  rock  at  a  greater  depth.  But  the  annual  spring 
and  summer  return.  The  supply  of  water  increases,  the  surface  of 
the  lake  rises  and  the  floating  field  of  ice  lifts  sheets  of  previously 
half-disjointed  limestone,  and  floats  them  in  the  direction  whither 
the  cqrrent  sets  or  the  wind  blows.     They  may  be  dropped  some 

*  This  idea  was  first  impressed  upon  mj  attention  bj  mj  brother,  N.  H.  Win- 
cbell,  who  has  studied  the  Drift  with  much  assiduitj.  See  his  papers  in  Proo.  Amer. 
AssocL,  Dubuque  Meeting,  1872,  and  in  the  "  Popular  Science  Monthly"  for  June 
and  July,  1S72. 
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miles  northward  from  their  native  bed,  and  may  lodge  upon  an  accn- 
mulation  of  sand  moved  by  aqneons  aseucies  quite  inadequate  to 
move  cubic  yards  of  solid  rocL  I  think  that  ice  fioes  are  capable 
of  such  work ;  and  I  believe  it  is  not  essentially  different  from  work 
in  progress  in  the  tracks  of  Arctic  currents  in  modem  times. 

The  same  agency  would  have  picked  up  and  transported  the 
rounded  northern  l>owlders,  which  we  find  scattered,  also,  to  some 
extent,  through  the  same  sands. 

It  could  not  be  expected  that  the  existing  configuration  of  the 
surface  of  the  State  should  preserve  the  features  which  determined 
the  existence  and  boundaries  of  such  local  lakes  as  I  have  supposed; 
but,  after  all,  are  not- our  existing  interior  lakelets  examples  of  the 
same,  perpetuated  by  the  delayed  erosions  of  outlets  ?  If  it  be  as- 
serted that  neither  the  less  nor  the  greater  lakes  are  engaged  in 
transportation  of  limestone  masses,  in  our  times,  it  will  be  a  suffi- 
cient rejoinder  to  remind  the  reader  that  the  supply  of  movable 
masses  of  limestone  must  ultimately  have  become  exhausted.  Stilll, 
it  is  not  a  fact  that  work  of  this  kind  has  entirely  ceased,  as  any  one 
familiar  with  the  flotsam  thrown  upon  a  lake  beach  will  be  led  to 
admit. 

Nor  has  time  obliterated  all  traces  of  that  topographical  configu- 
ration, which  in  Southern  Michigan  may  have  determined  an  ice- 
float  toward  the  north.  Between  Saginaw  Bay  and  the  mouth  of 
the  Grand  River  is  a  broad  depression,  the  highest  part  of  which 
rises  but  72  feet  above  Lake  Michigan.  The  southern  tier  of  coun- 
ties in  the  State  presents  an  elevation  of  300  to  600  feet  above  Lake 
Michigan.  The  Corniferous  limestone  barrier,  passing  through 
Monroe  and  Lenawee  counties,  still  maintains  an  elevation  of  100 
to  150  feet  above  the  same  lake.  Have  we  not  here  some  vestiges 
of  that  ancient  conformation  of  the  surface  which  resulted  in  a  north- 
ward drainage  into  the  great  channel  once  intersecting  the  State, 
and  the  northward  transposition  of  ice-bom  sheets  of  limestone  and 
sandstone,  wrenched  from  the  elevated  barriers  in  Hillsdale,  Lena- 
wee and  Monroe  counties,  and  the  contiguous  portions  of  Ohio  and 
Indiana  ? 

2.  On  the  oxUlet  of  the  Great  Salt  Lake  ;  by  Professor  G.  K. 
Gilbert.  (Letter  to  J.  D.  Dana,  dated  Washington,  Feb.  4, 1876.)— 
I  had  not  seen  Mr.  Packard^s  paper,  when  my  attention  was  called 
to  it  by  vour  letter  of  the  29th  ult.  Since  he  had  '*  not  observed 
personally  any  facts  bearing  on  the  subject,"  but  merely  advanced 
the  ideas  of  others,  it  is  not  surprising  that  everything  which  is 
novel  in  his  paper  is  erroneous. 

When  the  water  of  Great  Salt  Lake  was  at  its  maximum  alti- 
tude it  carved  and  molded  a  beach,  which  yet  remains — a  con- 
spicuous monument  to  its  former  greatness.  Within  the  circle  of 
tnis  beach-line  are  included  also  Utah  and  Sevier  lakes.  The 
level  of  the  ancient  beach  is  970  feet  higher  than  Great  Salt  Lake, 
about  700  feet  higher  than  Utah  lake,  and  about  650  feet  higher 
than  Sevier  Lake.  From  the  upper  beach  the  water  slowly  sub- 
sided by  desiccation,  recording  Us  lingeiings  in  a  series  of  minter 
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•hore-Iines.  When  it  had  fallen  to  the  level  of  the  divide  between 
the  Sevier  and  Salt  Lake  basins,  it  was  separated  into  two  unequal 
portions.  In  one  of  these  the  evaporation  exceeded  the  inflow 
mm  rivers,  and  the  subsidence  continued ;  in  the  other  the  inflow 
exceeded  the  evaporation  and  the  surplus  was  discharged  over  the 
divide  in^  the  former  portion,  just  as  the  surphis  of  Utah  Lake  is 
now  discharged  into  Great  Salt  Lake.  In  the  course  of  time,  as 
the  climate  became  drier,  this  overflow  ceased ;  but  not  until  it 
had  carved  a  channel  of  some  magnitude.  The  channel  is  crossed 
hy  the  old  overland  stage  road,  and  is  known  as  '^  the  Old  River 
Md.''  It  is  doubtless  this  ancient  water-way  which  has  been 
described  to  Mr.  Packard.  I  am  not  aware  that  it  has  ever  been 
determined  whether  the  channel  slopes  toward  Sevier,  or  toward 
Great  Salt  Lake ;  but  a  consideration  of  the  forms  and  dimensions 
of  the  two  basins,  and  of  the  present  relative  salinity  of  the  two 
lakes,  leads  to  the  belief  that  it  was  the  Sevier  Basin  which  over- 
flowed into  the  other.  The  summit  of  the  divide  cannot  be  far 
above  the  present  level  of  Sevier  Lake. 

In  the  early  part  of  the  field-season  of  1872, 1  crossed  the  Salt 
Lake  and  Sevier  deserts  as  a  geologist  of  the  Wheeler  Expedition, 
and  gave  especial  attention  to  the  beaches  and  other  phenomena 
of  the  ancient  lake.  Later  in  the  season  my  associate,  Mr. 
Howell,  carried  the  observations  farther  south.  Our  examinations 
were  sufliciently  thorough  to  enable  us  to  draw  a  map  of  the 
southern  half  of  the  old  lake,  but  we  found  no  evidence  of  an 
outlet  in  that  direction,  although  we  made  diligent  search.  Ac- 
cording to  the  conjecture  of  Professor  Bradley,  and  the  unpub- 
lished observation  of  Professor  Marsh,  the  overflow  was  north- 
ward, and  the  Columbia  River  carried  the  water  to  the  ocean. 
There  assuredly  was  an  overflow. 

In  the  progress  report  of  Lieut.  Wheeler's  Surveys  for  1872, 
I  have  expressed  the  opinion  that  the  humid  climate  which  was 
marked  by  this  inundation  of  Utah,  was  preceded  by  one  as  arid 
as  the  present ;  and  that  the  humidity  was  a  phenomenon  of  the 
Glacial  Epoch.  A  fuller  statement  and  discussion  of  the  facts 
will  appear  in  the  geological  volume  (now  in  press)  of  the  reports 
of  the  Wheeler  Survevs ;  and  the  accompanying  atlas  will  contain 
a  map  of  the  ancient  lake. 

3.  Second  Report  of  Progress  of  the  Mineralogical,  Geological 
and  Physical  Survey  of  the  State  of  Georgia ,  for  1875;  by 
George  LmLE,  State  Geologist.  8vo,  16  pp. — This  brief  report 
shows  a  large  amount  of  work  done  during  the  past  year.  The 
several  parties  have  traversed,  in  all,  over  6,000  miles  of  road, 
making  careful  examinations  and  large  collections  along  their 
routes.  They  have  visited  105  out  of  the  137  counties  in  the  State, 
and  a  list  is  given  of  the  minerals,  metals  and  building-stones,  of 
economical  value,  which  have  been  found  in  76  of  these  counties. 

Under  the  head  of  Geology,  Dr.  Little  says :  "  In  the  North- 
western portion  of  the  State,  the  coal-forraation  has  been  found, 
by  Mr.  McCutchen,  to  be  somewhat  more  extensive  than  observed 
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hitherto.  There  has  also  been  some  addition  to  onr  knowledge 
the  fossiliferoos  iron  ore  beds. 

"The  metamorphic  rocks,  on  the  western  border  of  the  Cohut 
mountains,  have  oeen  found  to  contain  lead,  copper  and  silvc 
while  barite  has  been  found  at  the  base  in  Murray  county,  a 
large  beds  of  the  same  near  StegalPs  station,  in  Hartow  couni 
The  relation  of  the  metamorphic  rocks  in  these  mountains,  as  w 
as  that  in  the  Blue  Ridge  and  across  the  Chattahoochee  rid| 
along  the  Tugaloo  and  Savannah  rivers,  to  the  correspond! 
adjacent  parts  of  Tennessee,  North  Carolina  and  South  Carolii 
have  been  studied,  and  a  regular  succession  of  Potsdam,  Queb 
and  Cincinnati  rocks  found,  in  alternating  bands,  while  the  wh< 
of  this  metamorphic  region  appears  to  be  of  Silurian  a^e. 

"Pro£  Bradley  reports  *  the  extension  of  the  gold-belt  over  lar 
areas  not  previously  recognised  as  gold-bearing ;  the  determii 
tion  of  the  aee,  equivalency  and  position  of  nearly  every  imp< 
tant  stratum  m  the  Blue  Ridge  of  Oeorgia,  including  the  copp 
ores  of  Fannin  and  Gilmer,  as  well  as  those  of  Lumpkin  ai 
Towns,  and  the  corundum  belts  of  Union,  Towns  and  Rabv 

S^ith  the  probable  position  of  the  equivalents  of  these  latter 
abersham.  White,  Lumpkin  and  Dawson,)  and  the  determinati< 
of  numerous  levels  which  affect  both  the  working  of  large  areas 
the  gold-field  and  the  location  of  projected  railroads.  The  poii 
of  greatest  scientific  interest  are  the  identification  of  the  serpc 
tines,  chrysolites,  chlorites  and  steatites  of  the  corundum  bel 
with  the  magnesian  limestones  of  the  Quebec  group,  (the  Kn< 
dolomyte  of  Safford,)  and  that  the  underlying  schists  of  the  go! 
belt  with  the  Knox  shale  of  the  lower  part  of  the  Quebec.' 

"  Prof.  Loughridge  has  found  in  the  Southern  portion  of  tl 
State,  that  the  Cretaceous  rocks  extend  from  Columbus  nearly 
Ft.  Gaines,  affording  valuable  beds  of  marl,  and  that  the  Tertia; 
rocks  continue,  from  a  line  drawn  from  Ft.  Gaines  via  3Iacon 
Augusta,  over  the  whole  of  the  Southern  counties,  abounding 
deposits  of  marl  and  limestone,  while  the  more  recent  formatioi 
of  Okefenokee  and  smaller  swamps,  afford  an  unlimited  supply 
marsh  muck,  which  is  already  being  utilized  to  the  great  adva 
tage  of  crops. 

"We  are  now  prepared,  after  this  preliminary  survey,  to  ent 
upon  the  detailea,  systematic  and  acurate  survey  of  each  count 
in  the  several  divisions  of  the  State ;  and  it  is  proposed,  durii 
the  next  season,  to  begin  this  work  at  three  points  on  the  westei 
border  of  the  State — one  party  beginning  with  Dade  count 
another  with  Haralson,  and  a  third  with  Muscogee.*' 

We  are  glad  to  see  that  this  State,  although  the  last  in  tl 
Union,  except  Florida,  to  commence  the  systematic  survey  of  h< 
mineral  wealth,  is  pushing  forward  the  work  so  well  begun  la 
year.  It  has  long  been  needed,  and  is  evidently  in  good  hand 
The  results  above  noticed  are  of  great  interest,  and  we  sha 
look  rather  impatiently  for  the  detailed  reports  "  now  in  prepar 
tion."    This  work  in  Georgia  fills  the  only  blank  hitherto  existin 
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in  our  knowledge  of  the  gm^etal  straotuTe  of  the  Appalaohians;  and 
its  Tigorons  proeecation  promises  soon  to  fumigh  all  the  more  espe- 
dsUy  desirable  deUdUd  information  concerning  the  area  within 
that  State. 

4.  €hological  Survey  of  IBmois^  A.  H.  Wobthbn,  Director. 
YoL  VL  €feologyandjMeafUolo(fy:  G^logy,  by  A.  II.  Wobthen 
nd  Aaaiatanta,  G.  C.  Bboadhsad  and  E.  T.  Cox ;  Paleontology, 
Vf  O.  St*  JoHHy  A.  H.  Wobthen  and  F.  B.  Mbbk.  582  pp., 
ror.  8vo,  with  84  platea.  Springfield,  lU.,  1875. — This  sixth 
Tdnme  of  the  Illinois  G^eologi<MJ  Report  commences  with  a  chap- 
ter, by  Mr.  Worthen,  on  the  Coal-Measnres  of  the  State,  which  cover 
S5,000  square  miles,  and  have  a  thickness  of  about  1,400  feet. 
A  detaOed  section,  ffiyen  on  pages  2  to  5,  includes  16  beds  of  coal, 
luge  and  smAil,  with  intervening  marine  beds,  proving  that  each 
en  of  terrestrial  vegetation  was  followed  by  one  of  marine  sub- 
Bergenoe  and  abununt  marine  life.  This  chapter  on  the  Coal- 
Measnres  is  followed  by  others  on  the  special  geology  of  several 
of  the  Counties  of  the  State. 

Part  II  continues  the  reports  on  the  Paleontology.  The 
Yertebrste  portion  is  by  Messrs.  St.  John  and  Worthen,  and 
the  Invertebrate  by  F.  B.  Meek.  Previous  volumes  contain 
descriptions  and  fiffures  of  a  large  number  of  new  Paleoxoio 
ipeeies  of  fossil  putnts,  MoUusks,  Crinoids,  and  Fishes,  with 
leveral  of  Corals,  Crustaceans,  Myriapods,  Scorpions,  Insects  and 
Amphibians.  This  new  volume  adds  largely  to  the  new  species 
(^  ndies  and  Crinoids,  and  somewhat  also  to  those  of  Moliusks. 
The  contributions  of  the  Survey,  through  its  paleontologists,  to 
the  departments  of  fossil  fishes  and  crinoids  greatly  surpass  all 
that  have  been  made  by  other  State  Surveys;  and  those  of 
Crinoids  are  unequalled  hj  the  publications  of  any  other  countrv. 
The  number  of  new  species  of  fishes  described,  from  the  teeth,  m 
this  sixth  volume  alone,  is  over  100  (divided  nearly  equally  be- 
tween Hvbodonts  and  Petalodonts,  with  one  Cochliodont),  and 
besides  these  there  are  45  species  of  fish-spines.  The  plates  are 
full  of  excellent  figures  beautifully  engraved. 

Mr.  Worthem  states  that  with  this  volume  the  series  of  reports 
doses,  the  *^  law-making  power  "  desiring  "  to  cut  off  all  appropria- 
tions not  deemed  by  them  absolutely  necessary ;  '^  but  that  tnere 
are  many  fossils  yet  undescribed,  including  nearly  all  the  corals 
and  bryozoans,  and  many  common  fossils. 

The  Reports  issued  make  a  most  honorable  exhibit  of  the 
liberality  of  the  State ;  yet  the  fact  that  the  volumes  are  so  full 
and  excellent  in  all  respects  excites  the  earnest  desire  that  the 
remaining  volume  should  be  issued  which  would  make  the  series 
completa 

5.  K  8.  Oeological  Survey  of  the  Territories  under  Dr.  F.  V. 
Hatdbn.  (1.)  JBuUetin  No.  6. — ^This  new  Bulletin  contains  the 
following  papers:  (1)  An  account  of  the  various  publications 
relating  to  the  travels  of  Lewis  and  Clarke,  with  a  commentary 
on  the  rescdts  of  their  expedition,  by  Dr.  E.  Coues  ;  (2)  Notice 
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of  a  very  large  Goniatite  from  Eastern  Kansas,  by  F.  B.  Meek  ; 
(3)  Fossil  Orthoptera  from  the  Rocky  Mountain  Tertiaries,  by  S. 
H.  Scuddbb;  (4)  Studies  of  the  American  Falconids:  a  mono- 
graph of  the  Polybori,  with  five  plates,  by  R  Ridgwat.  Dr. 
Coues  gives  a  critical  review  of  the  spurious  and  genuine  works 
that  have  purported  to  give  the  results  of  the  travels  of  Lewis  and 
Clarke  over  the  Rocky  Mountain  region,  and  closes  with  notes  on 
the  Zoology  of  the  expedition.  The  Goniatite  described  by  Mr, 
Meek  must  have  had,  he  observes,  a  diameter  in  one  direction  of 
sixteen  inches ;  it  is  a  globose  species,  and  is  made  var.  excelsus  of 
the  Illinois  species  G.  globidomis^  M.  and  W.  The  fossil  Orthopters^ 
in  Mr.  Scudder's  paper,  are  a  cockroach,  Homoeogamia  ventricosus^ 
and  an  earwig,  lAwidura  tertiaricu 

This  sixth  Bulletin  contains  a  general  index  to  Nos.  1  and  2, 
first  series,  and  Nos.  1  to  6,  second  series,  and  thus  closes  the  first 
volume. 

6.  OeologiecU  Sketches  by  L,  Agaseiz,  Second  series.  230  pp. 
12mo.  Boston,  1876.  (James  R.  Osgood  &  Co.) — Geoloncal 
science  owes  to  Agassiz  the  first  distinct  announcement  of  the 
glacial  origin  of  the  northern  drift,  and  also  the  collection  and 
publication  of  facts  from  Europe  and  North  and  South  America 
establishing  the  truth  of  his  theory.  This  beautifully  printed  vol- 
ume contams  some  of  his  recent  papers  on  the  subject,  as  they 
were  written  out,  in  a  popular  form,  for  the  Atlantic  Monthly. 
The  chapters  treat,  severally,  of  "the  Glacial  period;"  the  "Parallel 
Roads  of  Glen  Roy,  in  Scotland ;"  the  "  Ice-period  in  America ;" 
"Glacial  phenomena  in  Maine;"  and  the  "Physical  History  of 
the  Valley  of  the  Amazon."  They  consist  of  clear  and  vivid 
descriptions  and  reasonings  from  one  who  had  seen  the  facts  and 
scenes  he  describes,  and  whose  mind  was  large  enough  to  appre- 
ciate their  significance  and  grandeur.  We  think  thi^t  Professor 
Agassiz  has  attributed  too  wide  a  range  to  the  ice-covering  of  the 
Glacial  period  in  making  it  extend  over  the  tropics.  But  if  not 
right  in  this  opinion,  his  chapter,  on  the  valley  of  the  Amazon, 
will  still  be  read  with  interest  and  profit. 

7.  Oeological  Survey  of  Victoria.  Heport  of  Progreea ;  by 
R.  Brough  Smyth,  Secretary  for  Mines  and  Chief  Inspector  of 
Mines  for  the  Colony.  No.  II ;  with  Reports  by  A.  W.  Howitt, 
R.  A.  F.  Murray,  R  Etheridge,  Jr.,  N.  Taylor,  F.  M.  Kraus6,  W. 
Nicholas,  G.  H.  F.  Ulrich,  J.  Cosmo  Newberry.  142  pp.  Royal 
8vo,  with  views  and  sections.  Melbourne  and  London.  Afso, 
Observations  on  New  Vegetable  Fossils  of  the  Auriferous  Drifts: 
by  Baron  F.  v.  Muellek.  32  pp.  royal  8vo,  with  maps  ana 
plates  of  figures  of  fossil  plants. — The  earlier  Reports  of  the  Vic- 
toria Survey  are  noticed  in  vol  ix,  (1875)  of  this  Journal.  From 
the  Report  of  Mr.  Smyth  we  take  the  following  facts.  The  area 
of  the  auriferous  grounds  of  Victoria  is  about  680,000  acres.  The 
mining  surveyors  report  that  there  are  3,398  distinct  auriferous 
quartz  veins,  which  nave  been  investigated,  besides  many  others 
unexplored ;  and  some  have  been  traced  for  seven  miles.  One  is 
worked  to  a  depth  of  1,000  feet^  and  another  goes  down  200  feet 
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below  the  sea^level  and  yields  more  than  one  ounce  per  ton.  In 
UHj  6,725  tons  of  auruerous  pyrites  yielded  18,911  ounces  of 
gold 

The  vegetable  fossils  described  by  Baron  F.  v.  Mueller  are 
fruits,  of  kinds  unlike  existing  Australian  species,  and  all  are 
referred  to  new  genera.  They  come  mostly  from  the  auriferous 
drifts  at  a  depth  of  about  150  feet,  and  are  referred  to  the  *^  Plio- 
cene." They  include  fruits  of  Spondylostrobus^  cypress-like  con- 
ifers ;  of  Trematocaryon^  supposed  to  be  related  to  the  Verbena- 
oesB ;  of  Bhytidotheca^  allied  to  Chloroxylon ;  of  Plesiocapparis^ 
near  Capparis;  of  Cdphina^  supposed  to  be  Proteaceous  and 
most  allied  to  Helicia  of  East  and  North  Australia ;  Odontocaryon^ 
not  referred  to  any  natural  order,  the  author  '^  being  unaware  of 
uiy  existing  or  extinct  genus  to  which  it  bears  really  close  resem- 
blance;" of  Conc/iotheca^  having  fruit  like  that  of  Grevillese,  but 
Dot  certainly  Proteaceous ;  of  Penteune^  a  large  nut,  but  of  doubt- 
ful relations;  of  2>te<47i6,  perhaps  related  to  Capparideae  or  Pitto- 
q>oreflB ;  of  Platycoilay  of  doubtful  relations. 

8.  Glacier  phenomena  along  the  Kittatinny  or  Blue  Mountain^ 
in  C<xrbony  Northampton  and  Monroe  Cos.^  Pennsylvania, — Mr. 
C.  £.  Hall  describes  extensive  deposits  of  gravel  and  bowlders 
south  of  the  Lehigh  Gap  and  along  the  Lehigh  River ;  and  also  at 
Wind  Gap,  and  the  Delaware  Water  Gap.  Four  miles  from  the 
mouth  of  Marshall's  Creek,  on  the  road  to  Craig's  Meadow,  there 
are  scratches  on  the  Oriskany  sandstone,  havmg  the  direction 
8.  28®  W. — which  is  toward  the  gap,  following  the  course  of  the 
river.  Mr.  Hall  also  shows  that  the  gravel  deposits  in  and  about 
the  city  of  Philadelphia  are  glacial.  Between  Spruce  and  Walnut 
streets,  west  of  Forty-fifth  street,  bowlders  of  Oneida  conglomerate, 
Medina  sandstone,  and  of  other  rocks,  have  been  exposed  to  view 
which  vary  from  one  to  twenty-five  cubic  feet  in  size,  some  of  them 
glacier-scratched.  He  mentions  also  other  localities  of  bowlders 
within  the  city  limits. — Jhroc.  Atner,  Phil.  Soc,  xiv  (No.  96),  pp. 
620  and  633,  1875. 

9.  Wisconsin  Geological  Survey, — The  Report  on  the  Geological 
Survey  of  Wisconsin  is  ready  for  the  press  and  awaits  only  the 
action  of  the  legislature.  A  prospectus  of  its  contents  shows  that 
it  contains  a  large  amount  of  valuable  material.  Prof.  T.  C.  Cham- 
berlin,  of  Detroit,  has  been  placed  at  the  head  of  the  Survey  for 
the  present  year. 

10.  I^Yequency  of  EarthquaJces  relatively  to  the  age  of  the  Moon, 
— Prof.  Alexis  Perrey  continues  his  study  of  earthquakes,  and 
has  recently  published  in  the  Comptes  Rendua  a  new  statement 
as  to  the  relation  between  the  age  of  the  moon  and  the  frequency 
of  earthqu.ikes.*  Dividing  the  period  of  a  lunation  into  quarters, 
with  the  time  of  the  syzigies,  and  quadratures  as  the  centers  of 
these  quarters,  he  finds  that  the  earthquakes  are  distributed  as 
follows : 

*  For  a  translation  of  a  former  paper  by  Prot  Perrey  on  this  subject,  see  this 
Journal,  II,  xxxvii,  1. 
Am.  Jour.  Sci.— Third  Sbribs,  Vol.  XI,  No.  68.— March,  1876. 

Ifi 
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Diff.  in  favor 

TotaL 

^yiigiea 

Quadratures. 

ihesyzigiA 

From  1843-1847 

1604 

850-48 

753-52 

96-96 

1848-1852 

2049 

1053-53 

995-47 

58-06 

1853-1857 

3018 

153413 

1483-87 

50-26 

1858-1862 

3140 

1602-99 

1537-41 

65-98 

1863-1867 

2845 

1463-42 

1381-58 

81-84 

1868-1872 

4593 

2333-48 

2259-52 

73-96 

1843-1872       17249       8838-03       8410-97       427*06 

The  reported  earthquakes  between  1751  and  1843  are  showi 
conform  to  the  same  rale — ^that  is,  a  large  preponderance  of  ea 
quakes  about  the  syziffies. 

Professor  Perrey  also  finds  that  of  the  reported  earthqui 
between  the  years  1843  and  1872,  3,290  occurred  at  the  mo 
perigee  and  3J^15  at  the  apogee. 

11.  FossU  Mshea  of  the  Devonian  of  7\ila^  and  Carbonifei 
limest07ie  of  JkQatschkowaj  Huwia  ;  by  H.  Tbautschold  (N.  M 
Soc.  Imp.  Nat.  Moscou,  xiii,  263,  277.) — The  Devonian  fii^ 
mains  here  described  and  figured  include  Hybodonts  of  the  g( 
Cladodtis;  Cestracionts  of  the  genera  Orodua^  SeloduSy  Psam 
dvs;  also  species  of  Ctenacanthus.  The  Carboniferous  limest 
has  afforded  the  author  the  Illinois  species,  dadodtis  latnnioidi 
Newberry  and  Worthen :  species  of  HdoduSy  PsammodttSj  /%» 
dtt8,  CocMioditBy  OroduSj  SclenoduB^  PetcUodus^  Dactylodus^  I 
of  Newberry  and  Worthen's  genera),  and  Polyrhizodus  ;  bes 
some  fish-spines,  of  which  one,  Ostin€upi8  acuta,  is  Petrodua  ac\ 
N.  and  W. 

12.  On  the  occurrence  of  native  Zinc,  (Letter  to  one  of 
Editors.) — Mr.  W.  D.  Marks  of  Chattanooga,  Tennessee,  annoui 
the  occurrence  of  fragments  of  metallic  zinc  in  the  soil  along 
course  of  a  vein  intersecting  the  blue  limestone  of  Sand  Mount 
in  the  northeastern  comer  of  Alabama.  The  circumstance  is  i 
posed  to  indicate  that  the  metal  came  ori^nally  from  the  adjoii 
rock.  Further  than  this,  he  states  that  pieces  of  metallic  zinc  h 
been  picked  up  along  a  range  of  thirty  miles,  over  the  Racoon  I 
on  the  southern  border  of  Tennessee,  Sand  Mt.,  and  the  nortl 
portions  of  Georgia  and  Alabama.  The  vein  is  now  being  explo: 
and  Mr.  Marks  hopes  to  find  the  zinc  in  place. 

13.  Brookite. — Exact  measurements  made  by  vom  Rath  upor 
excellent  crystal  of  brookite  from  Atliansk  in  the  Urals  show  1 
the  mineral  from  this  locality  at  least  is  not  monoclinic,  but  orl 
rhombic.  k.  s.  i 

14.  On  the  Serpentines  ofZdblitZy  Qreifendorf  and  Waldhe 
by  J.  Lembkbg  in  Dorpat. — The  chemical  examination  of 
serpentines,  from  the  above  mentioned  localities  in  Saxony, 
Lemberg,  has  led  to  the  conclusion  that  they  have  arisen  fi 
the  alteration  of  rocks  consisting  originally  of  chrysolite,  gai 
and  hornblende.  An  analogous  conclusion  has  been  reached 
other  investigators  for  similar  occurrences.  In  the  case  in  h: 
it  is  shown  that  the  readily-decomposed  chrysolite  has  been  chau] 
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for  the  most  part  into  serpentine ;  the  garnet  into  minerals  of  the 
chlorite  gi'onp;  while  the  hornblende  has  generally  withstood 
ilteration.  The  paper  of  Mr.  Lemberg  contains  a  considerable 
Domber  of  analyses  showing  the  composition  of  the  original  min- 
erals, as  well  as  of  the  products  of  decomposition. — (Zeitschrift  cL 
DeuUeh.  geol.  GeseUschq/t,  1875,  531.)  £.  s.  d. 

16.  Seltoynite^  NoumeUe^  Oarnierite. — Mr.  G.  H.  F,  Ulrich, 
in  a  letter  dated  Melbourne,  Nov.  dd,  1 875,  states  that  the  new 

r<;ie8  Selwynite,  described  by  him,  is  not  a  homogeneous  mineral, 
microsoopic  examination  shows  it  to  consist  of  a  felsite-like 
base,  through  which  hydrous  chromic  oxide  is  disseminated,  with 
occasionally  a  small  octahedron  of  chromite.  A  similar  method 
of  examination  has  shown  that  the  new  nickel  minerals  (noumeite, 
gmmierite),  described  by  Professor  Liversidge,  are  not  homoge- 
neous. Inere  is  here  a  soapstone-like  base,  composed  of  hydrous 
silicate  of  ma^esia  through  which  either  hydrous  oxide  of  nickel, 
or  hydrous  smcate  of  nickel  is  densely  distributed  in  small  veins 
ind  roundish  patches.  Some  of  the  ore  gave  an  assay  up  to 
twenty  per  cent  of  nickel,  and  others  as  low  as  two  per  cent. 

16.  Matmal  of  Geoioffy  of  J.  D.  Dana. — The  following  chAiiges  and  corrections 
(beddee  some  others  merely  tTpographical)  have  been  made  in  the  stereotype 
plates  of  the  work  since  its  first  publication  in  1874,  and  are  needed  by  the  copies 
of  the  earlier  issues. 

Page  XT,  17  L  from  top,  P.  C.  Carpenter  for  J.  O.  Cooper.  Page  3,  8  1.  fr.  top, 
1-1,200,000  for  1-200,000.  P.  S2,  fig.  61f  has  been  inverted ;  and  the  same  on  p. 
646.  P.  147,  4  L  fr.  foot,  C.  for  P.  P.  1 66,  under  fig.,  4a  Trenton  for  "  4  Trenton." 
P.  338,  2  1.  fr.  top,  fig.  521,  for  "p.  621."  P.  344,  in  map,  9,  9,  9,  far  "  8,"  "  8," 
"  8,"  and  8  for  "  9."  P.  346,  18  1.  fr.  top,  east  for  "  west"  P.  419,  4  L  fr.  foot, 
•outheast  far  ''  southwest."  P.  427,  3  L  and  4  1.  fr.  top,  over  two ybr  "  three  or 
four."  P.  538,  paragraph  beginning  with  *'  The  absence"  has  been  changed  so  as 
to  make  it  state  that  between  the  meridian  of  100**  in  Dakota  and  the  eastern 
boundary  of  Oregon  and  California  the  mean  annual  precipitation  is  not,  with 
■naU  exceptions  about  the  higher  mountains,  over  16  inches.  P.  676,  15  1.  and 
14  L  fr.  foot,  former  for  "  latter,"  and  latter  far  "  former."  P.  699,  1 6  1.  fr.  foot, 
jvdBfor  **feet"  P.  743,  18  1.  fr.  top,  along  the  strike  for  "transverse  to  the 
strike;"  and  for  the  closing  part  of  the  paragraph  has  been  substituted: — an 
effect  due  to  compression  by  the  pressure  to  which  the  rocks  had  been  subjected 
and  a  consequent  expanding  in  a  transverse  direction.  P.  756.  To  the  first  para- 
graph has  been  added  the  remark  [a  suggestion  to  the  author  by  Prof.  Verrill] 
that  the  retaining  of  the  warm  Gulf  stream  waters  in  the  Atlantic  would  give  the 
ocean  a  higher  temperature  than  it  now  has,  and  that  this  higher  temperature 
would  \te  the  occasion  of  an  unusual  amount  of  evaporation,  and,  therefore,  of  an 
extraordinary'  amount  of  precipitation  and  frequency  of  storms  along  the  cold 
borders  of  the  continent  in  the  Glacial  latitudes ;  so  that  tlie  theory  adopted  for 
tlie  origin  of  the  cold  of  the  Glacial  period  accounts  for  both  the  cold  and  the 
abundant  precipitation.     P.  589,  Cetacean  area  removed  from  Cretaceous  column. 

D. 

III.    BOTAXY. 

1.  Abides  on  Affave  ;  by  Geo.  Engklmanx,  M.D. — This  is  a 
modest  title  of  a  paper  in  tlie  Transuctions  of  the  Academy  of 
Science  of  St.  Louis,  Missouri,  vol.  iii,  December,  1875.  Sepa- 
rately issued  it  forms  a  pamphlet  of  35  pages,  8vo.  If  we  mis- 
take not  it  begins  that  volume ;  so  that  the  pages  of  the  pamphlet 
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are  those  of  the  volume,  as  ought  always  to  be  the  case,  for  con- 
venience and  uniformity  of  reference. 

Dr.  Engelmann  deserves  high  praise  and  many  thanks  for  taking 
in  hand,  one  after  the  other,  our  difficult  botanical  subjects,  con- 
centrating his  attention  upon  them  for  a  while,  elucidating  them  to 
the  full  extent  of  his  opportunity,  and  leaving  them  in  such  i 
state  that  they  can  be  easily  understood,  or  readily  followed  un 
as  occasion  serves,  by  ordinary  observers  and  collectors.  Hu 
latest  essay  of  this  sort  was  upon  Yuccci,  He  passes  from  that 
to  the  analogous  American  genus,  Agave^  the  ^  American  Aloe,** 
first  distinguished  from  the  old-world  Aloe  genus  by  Linmeos, 
who  gave  them  the  present  name,  Agave^  ^^  because  that  word  in- 
dicates something  grand  and  admirable."  The  headquarters  of 
the  genus  are  in  Mexico,  but  a  considerable  number  inhabit  oar 
southwestern  borders,  and  one  reaches  well  into  the  northern 
States.  There  are  "  perhaps  100  species," — ^possibly  a  high  esti- 
mate, but  the  catalogues  of  cultivators  give  twice  that  number 
of  names.  Most  of  them  are  nearly  unrepresentable  in  the  he^ 
barium,  while  in  cultivation  the^  seldom  olossom.  The  century 
plant,  A»  A  mericana^  may  sometimes  in  our  cool  regions  literally 
answer  to  its  popular  name :  semi-centennial  specimens  at  least 
are  not  uncommon. 

Dr.   Engelmann  first  devotes  a  few  important  pages  to  the  gen- 
eral structure  and  conformation  of  the  trunk,  foliage,  inflorescence 
and  fructification  in  the  genus,  and  passes  to  a  systematic  arrange- 
ment and  description  of  the  N.  American  species  as  now  known 
to  him,  and  of  a  few  extra-limital  species  upon  which  he  is  able  to 
throw  some  light.     They  fall  into  three  groups.      1.  SingiUifhra, 
with  flowers  in  a  8im})le  spike,  a  single  one  to  each  bract.     Our 
northern   Agave  Virginica  is  the  familiar  representative :  there 
are  also  A.  maculosa  of  Texas,  and  A,  variegcUa  from  just  over 
the  border,  both  in  cultivation.     2.  Geminiflorce^  with  a  denser 
spike,  a  pair  of  flowers  to  each  bract.     Our  species  are  arranged 
by  obvious  characters  of  the  margin  of  the  leaves,  viz :  with 
rough  serrulate  margins.  A,  falcaia^  n.  sp.;  with  filamentose  ma^ 
gins,  A,  Schotti^  n.  sp.,  and  A,  parviflora^Torr,]  with  aculeate- 
toothed    margins,  A.  netearcantha,  Zucc.  (which  is  Torrey's  A, 
Lechuquilla),  and  A,  Uta/iensiSy  Engelm.     3.  PaniciUatCBy  the  typ- 
ical Agaves  or  Century -plants,  with  paniculate  inflorescence.    There 
is  a  division  with  tube  of  the  perianth  much  shorter  than  its  lobes. 
Under  this  A,  Newberry i^  n.  sp.,  is  marked  by  the  insertion  of  the 
stamens  on  the  base  of  the  tube.     The  others,  with  stamens  borne 
in  the  throat,  are  A.  deserti,  n.  sp.,  A.  Parryi^  n.  sp.  (doubtftilly 
regarded  by  Dr.  Torrey  as  a  variety,  latifoUa^  of  A,  Americana)^ 
and  A,  Afitillarutn  Desc,  with  orange-yellow  flowers,  now  eluci- 
dated from  materials  brought  from  8an  Domingo  by  Parry  and 
Wright  in  1871.     The  division  with  tube  of  the  perianth  shorter 
than  its  lobes,  and  bearing  the  stamens  about  its  middle,  contains 
a  very  striking  species,  A.  JShawii,  from  the  southwestern  corner 
of  California,  which,  having  broad  and  deep-green  leaves  with  a 
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bowD  homy  margin,  set  off  by  the  large  light  red-brown  spines, 
11  thought  to  be  one  of  the  finest  of  the  genus  for  ornamental  cul- 
dration.     It   was   discovered  by  Dr.  Parry  in  1850,  but  good 
n>ecimens  only  now  obtained,  and  it  is  appropriately  dedicated  to 
the  founder  of  the  Missouri  Botanic  Garden,  from  which  much  is 
confidently  expected.    Finally,  there  is  a  division  known  by  the 
tabe  of  the  perianth  equaling  the  lobes  or  hardly  shorter,  and 
bearing  the  stamens :  to  this  belong  A.  rigida  Miller,  with  the 
Yucatan  doubtful  variety,  Sisalana,  introduced  nearly  forty  years 
ago  into  S.  Florida  by  the  unfortunate  Dr.  Perrine ;  A.  PcUmeriy 
n.  sp.,  from  S.  Arizona;  and  A,  Wislizeniy  n.  sp.  (which  has  had 
the  utterly  fiftlse  name  of  A,  scabra  in  Germany)  in  Northern 
Mexico.     A  reference  to  one  or  two  very  imperfectly  known  spe- 
cies IB  appended.     Of  A.  Americana^  there  is  a  mere  mention 
that  it  has  a  stipitate  capsnle. 

In  all  species,  so  far  as  known  to  Dr.  Engelmann,  the  anthers 
diBcharge  their  pollen  about  forty-eight  hours  before  the  style 
matures  and  the  stigma  can  receive  pollen.  After  the  expansion 
of  the  lobes  of  the  latter,  at  least  in  A.  Virginica^  a  viscid  liquid 
fills  the  cavity  of  the  apex  of  the  style,  "  whether  stigmatic,  or 
on  y  intended  to  allure  insects,  has  not  been  ascertained."  The 
figures  which  so  commonly  represent  bursting  anthers  and  a  fully 
elongated  style  in  the  same  blossom  are  probably  factitious,  as 
they  certainly  are  in  many  otherwise  excellent  plates  of  various 
kinds  of  flowers.  In  conclusion,  those  who  have  the  opportunity 
to  examine  species  of  Agave  in  flower  are  particularly  requested 
to  note  at  what  hour  of  the  day  the  anthers  begin  to  shed  their 
pollen,  and  at  what  time  they  become  effete,  and  in  what  state 
the  style  is  at  these  periods.  The  anthesis,  so  far  as  Dr.  Engel- 
mann has  observed,  is  vespertine  or  nocturnal,  as  well  as  proter- 
androus.  The  time  and  nature  of  the  nectariferous  secretion  in 
the  lower  part  of  the  flower  should  also  be  recorded.  a.  g. 

2.  JStructure  of  the  Leaves  of  Glasses :  Histotaxie  des  feuilles 
de  Gramineis ;  par  J.  Duval-Jouve. — An  elaborate  article  in 
Ann.  Sci.  Nat.,  tome  i,  of  Ser.  6,  1 875,  with  four  admirable  plates 
of  anatomical  details.  It  appears  to  be  an  excellent  piece  of  work, 
upon  an  almost  neglected  subject.  Many  of  the  text-books  still 
say  of  the  leaves  of  grasses,  and  indeed  of  Monocotyledons  gen- 
erally, that  their  veins  or  nerves  are  simple  and  unconnected  by 
anastomosis ;  although  what  was  meant  must  have  been  that  the 
only  anastomosis  was  by  ultimate  transverse  veinlets.  Duval- 
Jouve  cites  a  long  list  of  grasses  in  which  these  are  conspicuous ; 
and  there  are  many  in  which  the  reticulating  veinlets  are  of  different 
orders.  The  stomata  of  grasses  are  in  some  contined  to  the  lower 
surface  of  the  leaf;  in  others  divided  between  the  two  faces;  in 
several  they  are  restricted  to  the  upper  face,  but  in  these  the  blade 
makes  a  tuni  or  twist,  so  as  for  the  most  part  to  present  this  upper 
surface  to  the  ground.  Driticum  junveum^  Calamrogastis  (JPsam- 
ma)  arenartay  and  Gynerium  argentewu  (Pampas  Grass)  are  cited 
as  instances.    Many  grasses  have  under  the  epidermis  of  their  upper 
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fkce,  and  sometimeB  of  the  lower  also,  rows  or  bands  of  laj[ge  thin- 
walled  cells,  which  onr  author  names  hnUiform  cells.  These  in 
their  presence,  absence,  number,  and  arrangement,  are  uniform  in 
each  species,  but  often  quite  different  in  the  same  genus,  so  that 
they  may  be  used  for  critical  specific  characters ;  and  they  are, 
moreover,  connected  invariably  with  the  vernation  of  the  leaf,  and 
with  the  opening  and  closing  (either  by  conduplication  or  convo- 
lution, according  to  the  vernation  of  the  species)  which  are  so 
prompt  in  many  grasses.  That  this  movement  takes  place  in  virtae 
of  the  hygrometnc  expansion  of  these  cells  under  moisture  and  their 
contraction  in  dryness,  was  made  plain  by  the  behavior  of  sections 
of  the  leaf  under  the  microscope,  the  closed  conduplicate  leaf  of 
Sesleria  opening  instantly  upon  the  application  of  a  drop  of  water, 
when  these  cells  in  a  band  on  each  siae  of  the  midrib,  before  flat- 
tened or  collapsed,  became  turgid  and  prominent.  The  leaves  of 
Leersia  (nrvyzoides  are  described  as  rolling  up  instantly  upon  be- 
ing bruised  or  roughly  handled,  as  if  endowed  with  real  irrita- 
bility. We  trust  some  of  our  young  botanists  will  look  to  this,  next 
summer. 

The  split  sheath  of  the  leaves  is  one  of  the  diagnostic  characten 
oilhe  Graminece,  Exceptions  in  G^/yceria,  Ac,  were  familiar.  M. 
Duval-Jouve  states  that  about  a  fifth  part  of  the  species  have  entire 
sheaths.  Also  that  various  grasses  bear  two,  three,  and  even  fov 
leaves  on  one  node  I  a.  o, 

3.  Botryopteris  Forenais^  an  interesting  fossil  fern,  which  occurs 
with  fructification  preserved  in  a  silicined  state  in  the  rich  de- 
posits of  Autun  and  Saint  fitienne,  France,  has  recently  been 
investigated  microscopically  by  B.  Renault  (Ann.  Sci.  Nat.,  6 
ser.,  i,  1875).  In  one  plate  he  has  illustrated  the  anatomy  of  the 
stem ;  in  four  others  its  fructification,  and  the  anatomy,  develop- 
ing fructification,  &c.,  of  a  TVichomanes,  a  Helminthoatcichys^  and 
a  Biytrychiuin^  for  comparison.  He  concludes  that  in  this  fossil 
genus  we  have  a  type  intermediate  between  true  Filices  and  the 
Oj>hioglossece,  a.  g. 

4.  Silicijied  fossil  FVints  or  SeedSy  from  the  coal  beds  of  St 
fitienne,  are  discussed  by  Brongniart  in  a  preceding  volume  of 
the  Ann.  Sci.  Nat.  (with  figures),  and  classified  by  the  form  of 
their  transverse  section.  They  are  thought  to  be  gymnospermons. 
Among  those  with  binary  symmetry,  Cardiocarpus  in  its  affinity 
is  thought  to  answer  to  Salisburia  ;  Mhahdocarpus^  a  new  genus, 
to  Torreya  ;  Diplotesta  and  Sarcotaxvs  (new  genera),  to  ('ephcdo- 
tttxtts  /  Taocofipennum  and  Leptovaryon  to  Taxus,  Those  of  radi- 
ate symmetry  of  three,  six,  or  eight  divisions  or  a  circular  section, 
of  various  kinds,  including  Trigonocarjms^  are  conjectured  to  be 
the  fruit  of  SigUlaria^  Ccdamodendron^  and  the  like,  which  Brong- 
niart takes  to  be  an  extinct  type  of  Gymnosperms.  a.  g. 

o.  Respirathtn  of  Plants ;  some  Researches  by  Mayer  and 
WoLKOFP :  a  paper  in  Ann.  Sci.  Nat.,  in  the  volume  above  cited; 
apparently  translated  from  a  prior  publication  in  German,  to 
which  there  is  no  direct  reference.     That  plants  have  a  true  res- 
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piratioD  like  that  of  animab,  correlative  with  decompoBition,  is  so 
well  made  out  of  late  years,  (and  besides  is  understood  to  be  inev- 
itable if  the  plant  is  to  do  any  work),  that  it  was  hardiy  necessary  to 
refer  back  to  a  work  of  Liebig  fourteen  years  old,  and  even  then  a 
little  antiquated,  for  an  enunciation  of  the  opposite  doctrine.  Then 
the  process  answering  to  respiration  was  overlooked  or  thought 
unessential,  being  overshadowed  by  the  vaster,  larger  and  more 
imj^rtant  counterpart  process  of  assimilation.  The  researches  of 
which  the  results  are  given  in  this  paper  were  made  to  ascertain 
the  relations  between  vegetable  respiration,  i.  e.,  the  expiration  of 
carbonic  acid,  and  light,  temperature,  growth,  &c  Tne  results, 
on  the  whole,  were,  that  changes  of  temperature  within  normal 
limits  were  of  Uttle  effect  and  transient  when  the  change  was  sudden; 
that  the  influence  of  light,  although  generally  appreciable,  was  fee- 
ble, and  probably  indirect.  This  action,  as  is  well  known,  goes 
OD  both  in  light  and  darkness,  but  under  the  latter  it  is  not  masked 
by  the  assimilative  process.  Growth  also  proceeds  indifferently 
imder  either,  or,  it  would  appear  prefers  darkness.  But  Mayer 
and  Wolkoff  conclude  (contrary  to  some  of  their  predecessors) 
that  there  is  no  direct  relation  between  growth  in  length  and 
respiration,  so  that  one  should  in  any  sense  serve  as  the  measure 
of  the  other.  a.  g. 

6.  Classification  of  JVostochuiecs, — Dr.  Bomet,  in  a  recent 
niunber  of  the  Annales  des  Sciences  Naturelles,  has  published  a 
most  useful  key  to  the  genera  of  the  Nostoc  tribe,  which  was  drawn 
up  by  the  lamented  Thuret,  shortly  before  his  death.  Although  it 
was  not  intended  for  publication  m  its  present  state,  it  cannot  but 
be  useful.  The  appended  enumeration  mentions  most  of  the  species, 
with  leading  synonyms.  a.  g. 

7.  Gymodadiis  i?i  China, — If  M.  Baillon  is  right  in  his  identi- 
fication by  means  of  pods  and  loose  flowers,  there  is  a  second  species 
of  Ghymocladus^  our  Kentucky  Coffee-tree,  indigenous  to  Chma,in 
the  vicinity  of  Shanghai,  where  the  gummy  substance  in  the  legume 
is  used  as  a  substitute  for  soap.  This  is  an  additional  instance  of  a 
supposed  monotypic  genus  of  Atlantic  North  America  being  repre- 
sented in  the  corresponding  part  of  N.  E.  Asia.  Baillon's  notice  of 
it  is  in  Bull.  See.  Linn.,  Paris,  Jan.,  1875.  a.  g. 

8.  Mora  JBrasiliensiSy  fase.  68,  issued  in  March,  1876>  has  just 
come  to  hand.  It  contains  the  Amarantaceoe^  by  Prof.  M.  Seu- 
bert  of  Carlsruhe,  with  26  plates  ;  and  this  fascicle  completes  vol. 
V,  part  I.  There  are  13  Brazilian  genera;  of  which  much  the 
largest  is  Gomphrena^  with  66  species.  The  species  figured 
which  concern  the  North  American  flora  are  Alternanthera  achy- 
rantha  and  Amarayitus  hypochondriacvs, 

9.  Das  Haustoriurn  der  Loranthaceen  und  der  ITiallus  der 
Rafflesiaceen  und  Balanophoreen ;  von  H.  Grafen  zu  Solms- 
Laubach.  Halle,  1875.  4to.  The  present  paper  is  supplemen- 
tary to  an  article  on  the  vegetative  organs  of  phanerogamic 
parasites  which  appeared  in  Pringsheim's  Jahrbtlcher,  Bd.  vi. 
The  writer  divides  his    subject   into  three   parts.      The  first  is 
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devoted  to  a  consideration  of  the  modes  of  attachment  of  dif- 
ferent species  of  LoranthaceoB  to  the  foster  plant.  This  is  accom- 
plished by  the*  growth  inward  of  suckers  {SaugfortaUtze)  which 
penetrate  through  the  bark  to  the  wood.  The  shape  which  any 
sucker  assumes  depends  on  the  relative  activity  of  the  growth  of 
the  sucker  itself  and  of  the  cambium.  In  some  cases,  as  Zo^ 
anthus  EuropcBua  and  L,  Stemhergiantta^  the  sucker  sends  oat 
processes  which  penetrate  into  the  wood  itself.  The  writer  con- 
nrms  the  suggestion  made  by  John  Scott  that  the  vascular  bundles 
of  the  parasites  communicate  with  those  of  the  plants  on  which 
they  are  growing. 

Part  II  is  devoted  to  the  vegetative  organs  of  the  ItafflesiacefBy 
which  had  previously  been  studied  only  in  Piloatyles  Ha^tn- 
knechtii  Boiss.  and  Cytinns  Hypocisttis  L.  The  writer  gives  the 
results  of  his  examinations  of  PUostyles  .JSthiopica  Hook.,  P.  Blan- 
chetii  Gardn.,  and  P,  Caulotreti  Karst.,  which  closely  resemble 
one  another.  The  vegetable  organs  of  these  species  consists  of 
threads  or,  at  times,  flat  expansions  which  are  found  in  the  last 
and  from  which  suckers  are  given  off  which  penetrate  into  the 
wood.  The  name  given  to  the  thread-like  expansions  is  thallus, 
firom  its  resemblance  to  the  structures  of  the  same  name  in  crypto- 

fams.  The  flower  buds  are  produced  as  adventitious  oflBhoots 
om  the  threads  of  the  thallus,  and  finally  burst  through  the  bark 
of  the  foster-plant.  PUostyles  Thurberi  A.  Gray,  a  plant  of  our  own 
country  which  is  parasitic  on  species  of  Dalea^  differs  somewhat 
from  other  species  of  the  genus.  Its  thallus,  which  is  found  in  the 
inner  bark,  is  not  composed  of  threads  but  of  flat  expansions  oi 
considerable  size.  They  are  at  first  destitute  of  vessels,  which, 
however,  make  their  appearance  about  the  time  of  the  formation 
of  the  flower  buds.  Part  III  is  devoted  to  the  vegetative  orgam 
of  the  BcUanophorecB^  and  the  writer  concludes  a?  follows :  "It  is 
the  object  of  the  present  essay  to  call  attention  to  the  fundamental 
uniformity  of  the  development  and  conformation  of  the  assimilat- 
ing organs  of  the  phanerogamic  parasites.  This  object  has  beei 
attained  if  we  have  been  successful  in  showing  that  they  all  have 
a  common  characteristic  in  the  absence  of  any  sort  of  differentia 
tion  of  organs  of  vegetation  such  as  we  find  m  the  Cormophytes 
that  their  organs  can  be  neither  roots  nor  stems,  but  that  we  arc 
compelled  to  recognize  them  as  thalline  structures  equivalent  an<3 
completely  analogous  to  those  of  the  Thallophytes.  This  would 
have  pleased  Lindley,  as  indicating  a  structural  foundation  for  hii 
class  of  JRhizogens,  w.  g.  f. 

10.  The  Movements  and  Habits  of  Climbing  Plants  ;  bj 
Chaules  Darwin,  M.A,  F.R.S.,  etc.  2d  ed.,  revised,  with  illus 
trations.  208  pp.  8vo. — This  work  by  Darwin,  noticed  at  page 
69  of  this  volume,  has  recently  been  republished  by  D.  Appletoi 
&  Co.,  New  York. 
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rv.   Astronomy. 

1.  A  aeries  of  AstronomiccU  Drawings  for  the  Centennial 
hibUion. — A  unique  feature  of  the  Centennial  exhibition  will  be 
^ries  of  thirty-six  Astronomical  drawings  of  interesting  celes- 
objects,  executed  in  pastel  by  L.  Trouvelot,  the  artist  who 
Juced  the  series  of  Astronomical  engravings  undertaken  by 
fessor  Winlock  at  Harvard  College  Observatory.  The  pictures 
J  in  size  between  eighteen  by  twenty-two  inches,  and  twenty- 
le  and  one-half  by  twenty-eight  and  one-half  inches,  exclusive 
18  frames.  The  following  have  already  been  completed,  viz : 
»ala  in  Orion,  Nebula  in  Andromeda,  Horse-Shoe  Nebula, 
iged  Nebula,  Trifid  Nebula,  Ring  Nebula,  Dumb-Bell  Nebula, 
Iter  in  Hercules,  Coggia's  Comet,  the  planets.  Mars,  Jupiter 
Saturn,  Sun-Spots  in  full  activity.  Solar  Protuberance  erup- 
form.  Solar  Surface  with  Chromosphere,  Protuberances  and 
>na,  Aurora  Horealis,  Group  of  Sun-Spots  with  bridges, 
ij  Way  in  two  parts.  Zodiacal  Light,  Shower  of  Shooting 
B,  and  Tempel's  >febula  in  the  Pleiades.  The  original  sketches 
5  been  for  the  most  part  made  with  an  excellent  refractor,  of 
ind  one-half  inches  aperture,  mounted  in  Mr.  Trouvelot's  Phy- 
.  Observatory  at  Cambridge.  Their  production  has  been  a 
k  of  immense  labor.  From  fifteen  to  twenty-five  nights  have 
I  spent  in  the  study  of  each  nebula.  The  sketch  of  Tempel's 
'ula  in  the  Pleiades  is  the  result  of  sixty-five  hours'  study.  In 
drawings  of  the  Milky  Way,  the  stars  are  plotted  with  eonsid- 
►le  accuracy.  Over  a  year  was  spent  in  the  preparation  of 
e  two  sketches.  Of  the  sun-spots,  protuberances,  auroras  and 
zodiacal  light,  the  most  typical  forms  have  been  represented, 
he  shower  of  falling  stars,  every  one  represented  was  observed 
ihe  night  of  Nov.  13,  1869.  It  is  Mr.  Trouvelot's  design  to 
e  these  drawings  available  at  the  close  of  the  exhibition,  in 
iucing  a  series  of  Astronomical  Charts  for  educational  purposes. 

w.    A.    R. 

.  Our  Place  among  Infinities;  by  Richard  A.  Proctor. 
pp.  Hvo.  New  York,  1876.  (D.  Appleton  &  Co.) — This 
k  consists  of  "A  series  of  essays  contrasting  our  little  abode  in 
e  and  time  with  the  infinities  around  us,"  with  also  "Essays 
he  Jewish  Sabbath  and  on  Astrology."  Mr.  Proctor  aims,  in 
various  works,  to  put  science,  especially  astronomical  science,  in 
ttractive  form  for  the  general  reader.  In  presenting  his  sub- 
>  he  does  not  always  make  it  clear  as  to  what  are  speculations 
what  known  facts ;  but  he  is  dealing  with  the  marvellous,  and 
method  in  his  hands  makes  things  the  more  marvellous.  His 
^e  of  knowledge  is  considerable,  and  his  style  perspicuous  and 
ible.  Astronomers  would  not  accept  of  all  nis  conclusions, 
her  would  geologists,  and  probably  not  b.blical  critics.  After 
ising  his  note  on  the  origin  of  crater-cavities  on  the  moon's 
ace  by  the  blows  of  meteorites,  or  the  passage  (p.  84)  in  which 
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he  describes  the  encoanter  and  destruction  of  a  comet  by  a 
meteoroid  stream,  the  reader  will  probably  be  led  to  qaestion  his 
judgment  on  other  topics. 

y.  Miscellaneous  Scientific  Intelligence. 

1.  Ml  St.  Elias. — In  a  notice  of  Mr.  W.  EL  DalPs  paper  on  Mt 
St.  Elias  (from  the  Coast  Survey  Report  for  1875)  on  pp.  77  and 
78  of  this  volume,  the  remark  is  made  that  the  views  are  evidently 
vertically  exaggerated.  The  author  has  informed  us  that  the  pro- 
portions of  the  mountains  are  rightly  given,  from  determinations 
Dy  instruments.  The  view  of  Mt.  St.  Elias  was  taken  from  Yakutat 
Bay  (Port  Mulgrave),  53  [nautical  ?]  miles  to  the  southeast.  The 
southern  face  of  the  mountain,  from  a  line  about  5,000  feet  above 
its  base,  is  *•*•  an  immense  rock-face,  inclined  at  an  angle  of  45^  to 
the  sea,  and  rising  8,000  to  10,000  feet  without  a  break  in  its  con- 
tinuity.'' '^  The  apex  is  pyramidal,  sharp  and  clearly  cut,  leading 
to  the  inference  that  it  is  precipitous  on  the  invisible  northern  side. 
The  whole  of  the  rock-face  is  marked  by  straight  rigid  lines  of 
bedding,  which  are  inclined  uniformly  to  the  eastward  at  an  angle 
of  about  ten  degrees.''  Mr.  Dall  concludes  from  its  features  and 
this  appearance  of  stratification,  that  the  mountain  is  not  volcanic 
but  consists,  with  the  high  range  to  which  it  belongs,  mainly  of 
non-volcanic  crystalline  rocks. 

The  height  of  Mt.  St.  Elias  was  determined  trisonometrically  by 
measurements  from  four  stations,  that  at  Port  Mulgrave,  69  miles 
distant  from  Mt.  St.  Elias,  and  the  others  (off  Lituya  Bay,  off  Dry 
Bay,  and  at  sea  to  the  south-southwest)  over  1 00  miles  distant. 
The  following  are  the  angles  of  altitude  ft-om  each  station,  and  the 
calculated  height : 

1.  From  Port  MulgraTe,  69*1 1  miles  distant,  8*"  38'  1'  19,464  feet 

2.  Off  Lituya  Bay,         167-62     "  ♦*        0'    9'  6'1  18,033     " 

3.  Off  Dry  Bay,  )32-26     "  "        O'SO'S'-l  19,966     *» 

4.  At  Sea,  127-26     "  "        0' 47'34'  18,350     " 

It  is  time  that  the  geology  and  altitude  of  Mt.  St.  Elias  were 
determined  by  observations  made  on  the  mountain  itself 

J.    D.    D. 

2.  Harbors  of  Alaska  and  the  Tides  and  Currents  in  their 
vicinity  ;  by  W.  H.  Dall,  Assist.  U.  S.  Coast  Survey.  From  the 
Coast  Survey  Report  for  1876;  Appendix  No.  10.  Report  of 
Geographical  ana  Hydrographical  Explorations  on  the  Coast  of 
Alaska  ;  by  W.  H.  Dall.  Ibid;  Appendix  No.  11. — The  first  of 
these  papers  contains  new  facts  on  the  tides,  currents,  ocean  and 
land  temperatures,  hydrography,  topography  and  other  charac- 
teristics of  the  vicinity  of  Alaska  and  some  of  the  Aleutian  Islands. 
The  Shumagin  Islands,  south  of  the  extremity  of  the  Alaska  Penin- 
sula, are  described  as  composed  of  granite,  various  metamorphic 
rocks  and  sandstones,  overlaid  by  Tertiary  beds,  "  of  which  the 
upper  beds  contain  fossiliferous  layers  of  Miocene  age,  the  lower 
ones  containing  remains  of  warm  temperate  vegetation,  and  the 
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^  b^!|    uppermost  remains  of  marine  animals,  inolading  mollusks  and 
^^^^*°8  3|    oetaoeans."    There  are  also  recent  lavas. 

The  second  paper  contains,  besides  geographical  and  hjdro- 
gnphical  observations,  tables  of  magnetic  declinations  at  positions 
among  the  Aleutian  Islands,  according  to  different  observers,  in- 
cluding new  results  obtained  by  the  Coast  Survey.  From  them  it 
^  ?  ^1  appears  that  there  is  a  decrease  of  the  easterly  variation  at  the 
.' '  ^B  stations  where  observations  have  been  taken,  when  the  results 
^^^,'1     are  compared  with  those  heretofore  published.     The  following  are 

aadfQ 

It  Amdiitka  Island,  Gonstantine  Harbor,  sr  23'  32"-9  N.,  179'  12'  12"-2  B., 

,    _  variation  V  16'  33"  B. 

«L      I  ^  Ghicfaagoff  Harbor,  Attn  Island,  52°  56'  5t'-2d  N.,  173^*  12'  22"-2  B.,  varia- 

*^^-  ■  tkm  7*^  44'  36"  B. 

*^^  \  ■  Ai  K/Bka  laland,  51**  58'  69"ll  N.,  177**  29'  46"-3  B.,  variation  11'  06'  27"  B. 

>  nc.  I  At  Adaka  Island,  Bay  of  Islands,  51**  49'  16'-6  N.,  176*  51'  58'-2  W.,  variation 

fcj^,  ■  13*  52^  03"  B. 

^rf^  ■  At  Unalaaka  Island,  Hiuliuk  village,  53**  62'  37"-7  N.,  166©  31'  36"  W.,  varia- 

^^1  tioD  18'  69'  44"  B. 

^  r  ■  At  Shmnagin  Island,  Popofl  Straits,  66°  19'  16"-7  N.,  160°  31'  14"1  W.,  varia- 

LC^  ■  tion  20°  29'  23"-7  R 


^  of 
IT 


8.  Memoirs  of  the  Peahody  Academy  of  Science ,  Vol.  I,  No.  4. 
94pp.  Roy.  8vo,  with  plates.  Salem,  Mass.,  Dec.  1876.— This  fourth 
number  of  the  "  Memoirs  ^  is  occupied  with  a  paper  by  the  late 
Dr.  Jeffries  Wtman,  on  the  Fresh-water  Shell  Mounds  of  the  St. 
John^s  River,  Florida. — The  facts  published  by  Dr.  Wyman  in  for- 
^  ■  mer  articles  are  here  brought  together  along  with  the  results  of 
Dew  observations  by  him,  and  they  are  presented  with  the  usual 
thorough  and  cautious  method  of  the  author.  The  mounds  are  often 
five  or  six  hundred  feet  in  length,  and  vary  from  a  few  feet  to 
eighteen  or  twenty  in  height.  Dr.  Wyman,  after  a  full  description 
of  them,  states  as  his  conclusions,  that,  at  the  least,  two  or  three 
hundred  years,  and  probably  more,  have  passed  since  they  were 
finished ;  that  the  fact  that  the  human  bones  are  broken  in  the  same 
manner  as  the  bones  of  edible  animals  proves  the  makers  to  have 
probably  been  cannibals ;  that  fragments  of  pottery,  while  common 
in  the  later  mounds,  are  not  found  in  the  older ;  that  stone  imple- 
ments are  few  in  the  older  mounds  and  rudely  made ;  that  the  shell 
heaps  contain  fragments  of  the  Mastodon,  Elephant,  Horse,  Ox, 
and  some  other  extinct  animals,  but  that  these  show  by  the  changes 
they  have  undergone,  that  the  animals  were  not  cotemporaries  of 
the  mound-builders ;  that  the  only  skull  found  differs  from  the  skulls 
of  the  Indian  burial  mounds  of  the  country,  in  being  longer,  with 
the  ridges  and  processes  more  pronounced,  and  that  among  the 
bones  of  two  other  individuals  the  tibia  was  flattened;  that,  while 
it  is  uncertain  whether  the  makers  of  the  mounds  were  the  same 
people  that  were  found  there  by  the  Spaniards  and  French,  the 
absence  of  pipes  and  pottery,  and  the  rarity  of  ornaments,  are 
consistent  with  the  conclusion  that  they  were  a  different  people. 

4.  Annual  Report  of  the  Chief  ofMigineers  to  the  /Secretary 
of  War  for  the  year  1875.     Pait  I,  990  pp.  8vo.     Part  II,  1254 
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pp. ;  each  with  many  maps  and  illustrations. — The  Annaal  Report 
01  the  Engineering  Department  is  of  high  importance  in  a  scien- 
tific point  of  view.  Besides  details  as  to  work  aone  in  the  improve- 
ments of  harbors  and  rivers,  and  discussions  of  the  methods  of 
carrying  on  such  improvements,  it  contains  a  great  amount  of 
new  information,  on  the  geography,  resources  and  trades  of  the 
regions  examined,  results  of  hydraulic  investigations,  discussions 
of  the  modes  of  wear,  transportation  and  deposition  by  rivers, 
the  topography,  and  on  the  productions  and  resources  of  the 
territories,  besides  facts  and  views  on  other  topics. 

Among  the  articles  in  the  Report  for  1875,  the  foUowiDg  are 
especially  noteworthy :  Major  Warren's  Report  on  the  Minnesota 
River,  which  is  both  historical,  descriptive  and  geolofirical,  and 
contains  a  map  showing  the  Mississippi  when  Lake  Winnipeg 
was  its  head  (this  Joum.,  ix,p.  313)  ;  Commissioner  H.  L.  Abbot's 
analysis  of  the  Mississippi  noods;  Gen.  T.  G.  Ellis's  Report  on 
the  Connecticut  River,  m  which  the  amount  of  discharge  of  the 
river  at  Hartford  is  given  for  each  day,  from  Feb.  1, 1871,  to  Dec. 
31,  1874,  and,  as  an  incidental  result,  the  parabolic  form  of  the 
curve  of  subsurface  velocities  in  a  river,  as  made  known  by  Hum- 
phreys and  Abbot  (in  their  Report  on  the  Physics  and  Hyaraulics 
of  the  Mississippi),  is  fully  confirmed  by  observations  at  Thomp- 
sonville ;  Col  Gilmore's  Report  on  the  compressive  strength  and 
specific  gravity  of  the  building  stones  in  the  United  States  in 
most  general  use ;  Report  of  Clarence  King  with  reference  to  the 

feological  exploration  of  the  40th  parallel ;  Report  of  lieut.  6. 
1.  W  heeler,  on  geographical  explorations  and  surveys  west  of 
the  100th  meridian,  noticed  beyond;  and  Col.  Ludlow's  Report  on 
the  expedition  to  the  Black  Hills,  already  noticed  in  this  Journal. 
5.  Afinual  Report  upon  the  Geographical  Explorations  and 
Surveys  west  of  the  \00th  Meridian;  by  George  M.  Wheeleb, 
1st  Lieut,  of  Engineers  U.  S.  A.  196  pp.  8vo.  Washington, 
1875.— This  report  is  included  in  the  Annual  Report  of  the  Chief 
of  Engineers  for  1876,  as  above  mentioned.  Besides  the  Report 
on  the  Geographical,  Geodetic,  Hypsometrical,  Astronomical  and 
Meteorological  work  of  the  survey,  this  volume  contains  the  fol- 
lowing: a  discussion  on  Aneroid  barometers;  a  Report  on  the 
Geology  of  part  of  northwestern  New  Mexico  examined  in  1874, 
by  E.  D.  Cope,  containing,  besides  geological  observations,  descrip- 
tions of  fossil  vertebrates  of  the  Santa  F6  Marls,  on  the  Tt/pothorasc 
coccinarum  Cope,  from  beds  supposed  to  be  Triassic  (already  no- 
ticed in  this  Journal,  III,  vol.  x,  p.  153),  on  the  Eocene  plateau,  and 
a  list  of  fossil  vertebrates  from  beds  of  the  horizon  of  the  Green 
River  horizon ;  Geological  and  Mineralogical  Report,  by  O.  Loew, 
on  portions  of  Colorado  and  New  Mexico ;  Preliminary  Botanical 
Report,  by  Dr.  J.  T.  Rothrock;  Report  upon  the  Agricultural 
resources  of  northern  New  Mexico  and  southern  Colorado,  by  Dr. 
O.  Loew,  in  which  several  analvses  of  soils,  plants,  etc.,  are  given  ; 
general  itinerary  by  Surgeon  tf.  C.  Yarrow ;  Ornithological  notes, 
by  H.  W.  HenshaWy  and  also  by  Mr.  C.  E.  Aiken ;  Report  on  the 
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Remains  of  population  observed  on  and  near  the  Eocene  plateau 
of  northwestern  New  Mexico,  by  E.  D.  Cope,  illustrated  by  a 
number  of  wood-cuts  giving  plans  of  structures ;  a  report  on  the 
ruins  of  New  Mexico,  by  O.  Loew,  and  also  another,  by  Lieut.  R. 
Bimie,  Jr. ;  on  the  Pueblo  Languages  of  New  Mexico,  and  of  the 
Moquis  of  Arizona,  by  A.  S.  Gatschet. 

Dr.  Loew's  papers  contain  analyses  of  the  basalt  of  Abiquin,  of 
a  zeolite,  of  garnets  from  the  region  of  the  "  memorable  diamond 
excitement,"  chrysolite,  the  green  feldspar  of  Pike's  Peak,  soils  and 
grasses. 

6.  Geological  Survey  of  the  Territories^  under  the  Interior  D^ 
partment^  Dr.  F.  V.  Hayden  in  charge. — (1.)  New  Publications 
to  he  issued  during  the  year  1876.  The  following  publications 
connected  with  the  U.  b.  Geological  Survey  of  the  Territories 
under  the  direction  of  Prof.  F.  V.  Hayden,  are  in  press,  and  will 
be  issued  during  the  year  1876 :  1.  The  Invertebrate  Pal»ontology 
of  the  Western  Territories,  by  F.  B.  Mebk,  making  Volume  iX 
of  the  quarto  series.  It  will  contain  600  pages  of  text  and  45 
plates ;  over  500  pages  are  already  printed.  2.  The  Fossil  Flora 
of  the  Lignitic  Group,  by  Leo  Lbsquereux,  making  Volume  VII 
of  the  quarto  series.  It  is  illustrated  by  65  plates.  3.  Monograph 
of  the  North  American  Rodentia,  by  Messrs.  Coues  and  Allen, 
to  constitute  Volume  X  of  the  quarto  series,  and  to  contain  nume- 
rous plates.  4.  Monograph  of  the  Geometrical  Moths,  by  Dr.  A. 
S.  Packard,  to  constitute  Volume  XI  of  the  quarto  series.  It  will 
be  illustrated  by  13  plates,  some  of  which  contain  from  75  to  100 
figures.  5.  Ethnography  and  Philology  of  the  Hidatsa  Indians, 
by  Dr.  Washington  Mathews,  U.  8.  A.  This  volume  is  now 
passing  through  the  press,  and  will  prove  one  of  great  interest ; 
It  will  contain  about  500  octavo  pages.  6.  Annual  Report  of  the 
U.  S.  Geological  Survey  for  1874,  m  octavo,  now  in  the  press. 
7.  The  Annual  Report  of  the  Survey  for  1875,  which  will  go  to 

fress  about  May  Ist.  8.  Bulletin  of  the  Survey  for  1876,  Volume 
L  This  volume  will  be  issued  in  numbers,  and  will  comprise 
about  200  pages  of  text,  with  30  octavo  plates.  The  ancient  re- 
mains of  Southern  Colorado,  Utah  and  Arizona  will  be  described 
by  Messrs.  Holmes  and  Jackson.  It  will  also  contain  an  impor- 
tant paper  on  the  ancient  skulls,  with  numerous  illustrations. 
Other  volumes  are  in  process  of  preparation,  and  may  be  printed 
before  the  end  of  the  year. 

(2.)  Descriptive  Catalogue  of  the  Photographs^^ .  H.  Jackson, 
Photographer.  The  Catalogue  of  photographs  of  the  Survey  is 
enlarged  m  this  edition  by  a  list  of  those  taken  during  the  past 
year.  These  include  three  series :  one,  of  the  very  unusual  size 
of  twenty  by  twenty-four  inches  ;  another,  measuring  five  by  eight 
inches ;  and  a  third,  stereoscopic.  The  first,  as  we  know  from  an 
examination  of  them,  are  of  unusual  beauty  and  perfection — ^the 
largest  and  grandest  the  Rocky  Mountain  region  has  yet  afibrded. 
Those  of  the  second  series,  fifty-six  in  number,  include  many  views 
of  the  ancient  stone  cliff  ruins  and  cave  towns  of  the  San  Juan 


246  MiaceUaneous  Intelligence, 

region,  besides  others  of  the  Moquis  adobe  viUages,  and  man 
landscapes;  and  all  are  admirable  specimens  of  the  photographi 
art  Tne  country  owes  much  to  me  Survey  under  Dr.  Uaydei 
for  the  knowledge  of  the  Rocky  Mountain  territories  which 
been  distributed  through  the  country  by  means  of  its  numcrou 
and  excellent  photographs,  as  well  as  through  its  Reports. 

(3.)  Models.    To  the  Survey,  the  science  of  the  country  is  in 
debted  also  for  a  model  in  plaster  of  the  Elk  Mountains.     It  i 
made  on  a  scale  of  1  inch  to  a  mile,  aud  corresponds  to  an  area  o 
200  square  miles.     One  copy  is  to  be  colored  to  show  the  actua 
features  of  the  region,  and  thus  to  exhibit  its  geological  structure. 
The  model  has  been  prepared  by  the  artist,  W.  H.  Holmes.     Th 
same  artist  has  executed  a  model  of  one  of  the  two-story  cli 
houses  of  the  San  Juan  Region,  and  another  of  a  ruined  village  i 
southwestern  Colorado,     liie  cliff  in  the  former  has  a  height  abov 
the  house  of  200  feet  vertically.     (See  Bulletin,  2nd  Ser.,  No.  1 
p.  20.)     A  model  of  a  cliff  house  in  Arizona  has  been  made  by  th< 
rhotographer  of  the  Expedition,  Mr.  W.  H.  Jackson,  on  a  scale  oi 
six  feet  to  an  inch,    lue  model  is  colored  so  as  to  represen 
exactly  the  appearance  of  the  ruins.    Still  other  models  are  in 
course  of  preparation.     We  learn  that  copies  of  these  models  wil 
be  furnished  at  cost  to  institutions  desiring  them. 

7.  Specific  gravity  Balance  of  JB.  Parish, — A  balance,  con 
structed  on  the  same  principle  with  that  brought  out  by  Mr. 
Parish,  of  Worcester,  Mass.,  m  the  number  of  this  Journal  for  last 
November,  has  been  described  and  figured  by  President  F.  A.  P. 
Barnard,  in  the  second  volume  of  Johnson's  "  New  Universal  Cy- 
clopedia," published  two  or  three  months  since  in  New  York.  It 
appears  also  that  its  author  presented  a  paper  on  the  instrument 
to  the  National  Academy  in  November,  1874. 

A  charge  of  plagiarism  on  the  part  of  Mr.  Parish  has  been 
thrown  out.  The  editors  of  this  Journal  deem  it  a  duty  to  say 
that  they  know  the  charge  to  be  without  foundation.  The  paper 
presented  to  the  National  Academy  has  never  been  published, 
and  even  the  editors  knew  nothing  of  it.  Mr.  Parish  communicated 
with  them  on  the  subject  of  his  balance  first  in  February,  1876, 
more  than  a  vear  since ;  and  Prol  Thompson  of  the  Institute  of 
Industrial  Science  at  Worcester  has  recently  published  the  state- 
ment that  Mr.  Parish  showed  him  a  model  of  his  balance  in 
October,  1874,  or  before  the  time  of  the  meeting  of  the  National 
Academy  above  referred  to.  Moreover,  Mr.  Parish's  paper  in  this 
Journal  was  in  our  hands  a  month  before  the  publication  of  the 
2nd  volume  of  Johnson's  Cyclopedia. 

8.  Bulletin  of  the  Bussey  Institution^  Harvard  University, 
Jamaica  Plain.  Part  iv,  pp.  285-372.  1876. — This  fourth  part 
of  the  Bussey  Institution  Bulletin  contains  the  following  papers : 
Applied  Zoology ;  the  importance  of  its  study  to  the  practical 
agriculturist,  by  D.  D.  Slade,  M.D.  ;  Report  of  the  Director  of 
the  Arnold  Arboretum,  presented  to  the  President  and  Fellows  of 
Harvard  University ;  A  record  of  trials  of  various  fertilizers  upon 
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the  plain-field  of  the  Bussey  loBtitution,  results  obtained  in  1874, 
by  F.  H,  Storbb;  the  potato-rot,  by  W.  G.  Furlow  ;  A  report 
on  some  Analyses  of  salt  marsh  hay  and  of  bog  bay,  by  F.  H. 
Stobeb;  On  the  fodder  value  of  Apples,  by  F.  H.  Storeb. 

In  his  memoir  upon  the  composition  of  hay  prepared  from  the 
natural  grasses  of  the  salt  marshes  on  the  seaboard,  and  of  the 
fresh-water  marshes,  or  ^  meadows,"  in  the  interior,  Prof  Storer 
gives  the  following  analyses : 


Kftzne  of  the  Haj. 


Better  kinds  of  Salt  Hay  from 

brackish  mu^ea, 8*23 

BladE  Grass  Haj  {Juncus  bul- 

bonu), 8-71 

Bush  Salt  Grass  (mean  of  two 

samples), 8*66 

The  coarse   Salt-Marsh  Grass 

(SpartifM  airieta), 16*93 

Bog  Hay  {Oarex  stricta)  care- 

Mlj  cut  and  cured  in  June,  1*40 
Bog Haj (Oarex tkiciat)^  taken 

frombamSf 8*17 

Dead  Bog  Hay  collected  in  a 

field    in    December   {Oarex 

strictatl 9*32 

Oonmion  Rush  {Juneua  ^ffuaua) 

(taken  from  a  barn), 6*88 

Flowering  Fern  {Osmunda  re- 

gaiis)  (taken  from  a  barn),..      8*23 

Buttercups  (/?.  acris), 824 

White    Weed    {Letuxmthemum 

mdgare)^  cut  in  flower, 10-87 

Beach-pea  Vines  (Lathyrtu  ma- 

riUmu8\ 7*62 


o 

1 

•So 


4 
•s 


% 


i 

I 


7*06  7*47  44*63  32*71 

6*19  6*79  46*16  3316 

6*74  4*63  46*67  33*31 

10*41  6*09  39*18  29*39 

6*34  9*90  42*61  33*76 


6*64      6*88    46*99    33*42 


4*42       4*63     41*64     39*99 
2-63       6*75    42*26    41*48 


If 


41 


84-71  2*94 
8610  2*30 
84*60     1*76 


73-67 
86*26 


2*36 
2.17 


6*73 
5*21 


7*38 
10*66 


62-07 
46*19 


25*59 
30*70 


6-44       7-00     44*69     31*00 
7-38     18*70     37*63     28*79 


86*29     2*46 


86*26    0*74 
90*49 


8504 
86*55 


2*97 
3*64 


82*69     2-42 
86*01     4*33 


In  conclusion,  Prof  Storer  discusses  the  economical  value  of 
rough,  low  grade  hays  as  compared  with  the  "  English"  or  upland 
hays. 

9.  American  Museum^  Central  Park^  New  York, — This  Mu- 
seum is  rapidly  becoming  one  of  the  first  of  the  country  in  scien- 
tific value.  With  Prof  HalPs  collection  of  fossils,  and  the  addition 
soon  expected  of  a  suite  of  Barrande's  Bohemian  species,  it  will  take 
the  lead  of  all  as  regards  Paleozoic  paleontology.  The  Museum 
has  also  very  large  collections  of  birds,  including  the  collections  of 
Prince  Maximilian  of  Neuwied  and  extensive  selections  from  those 
of  M.  Vemeaux  of  Paris,  and  others  of  shells,  insects,  etc.  The 
city  of  New  York  appropriated  $500,000  for  a  building,  and  part 
of  It  is  now  completed.  Already  the  persons  visiting  tne  Museum 
occasionally  number  over  10,000  in  a  day.  The  Museum  is  under 
the  general  charge  of  Professor  Bickmore,  a  former  student  of  Pro- 
fessor Agassiz. 
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1 0.  Summer  Schools  of  Zoology  and  Geology  at  Cornell  Unir 
vereity. — These  schools  will  commence  soon  after  July  7th,  and 
be  continued  for  six  weeks.  In  the  Zoological  department  there 
will  be  instmction  throueh  lectures  and  laboratory  work,  by  Pro£ 
W.  S.  Barnabd,  in  MolTusks,  Radiates,  Worms  and  ProtoVoans; 
by  Mr.  J.  H.  Coicstock,  in  Insects  and  Crustaceans ;  by  Pro£.  B. 
G.  Wilder,  in  vertebrates,  excluding  Birds ;  by  Dr.  E.  CorBS,  in 
Birds.  Specimens,  living  or  in  alcohol,  will  be  furnished  the  stu- 
dents for  study,  including  'Hwo  specimens  of  Amphioxus^  one  for 
dissection  and  the  other  for  preservation."  Prof.  Wilder  will  give 
information  concerning  the  school  to  those  desiring  it.  The  Geo- 
logical School  is  under  Pro!  T.  B.  Comstock.  Instruction  will  be 
siven  by  lectures,  study  of  specimens,  and  by  field  excunsions. 
S*ee  for  each  school,  $30.00;  $10.^0  of  it  to  be  paid  in  April,  or 
on  the  day  of  registration,  and  the  rest  in  July,  when  the  school 
opens. 

11.  Annuaire  De  La  Officina  Central  Meteorologica  De  Santi- 
ago De  Chile^  1873. — ^The  third  and  fourth  year  of  the  Annuaire 
of  the  Central  Meteorological  Office  in  Chili  gives  in  detail  thfe 
observations  made  at  13  stations  during  1871  and  1872;  as  also  a 
appendix  in  which  is  found  a  very  excellent  monograph  on  th 
earthquake  of  the  7th  of  July,  1873,  by  J.  I.  Vergara.     Tne  prefa 
to  the  volume,  which  extends  through  280  pages,  gives  very  comple 
catalogues  of  earthquakes  since  1849,  and  reviews  of  the  meteoi 
ological  conditions  as  shown  by  monthly  and  annual  means  durin_ 
1870, 1 871  and  1872.     The  whole  constitutes  an  important  additioirs 
to  our  scanty  knowledge  of  the  meteorology  of  that  section  of  th^ 
world ;  and  it  is  to  be  hoped  that  Vergara  will  soon  be  able  to  e:c— 
tend  the  duties  of  the  Meteorological  Office,  so  as  to  add,  to  thea« 
climatological  studies,  those  other  special  investigations  into  atmos- 
pheric phenomena,  which  the  peculiar  nature  of  the  territory  of 
Chili  especially  invites.  c.  a. 

Statement  and  Exposition  of  Certain  Harmonies  of  the  Solar  System;  by 
Stephen  Alexander,  LL.D.,  Professor  of  Astronomy,  College  of  New  Jersey. 
Smithsonian  Contributions  to  Knowledge,  No.  280.  96  pp.  4to.  Washington, 
D.  C,  March,  1876. — Professor  Alexander's  Memoir  does  not  admit  of  an  abetraci, 
and  we  therefore  announce  it  only,  referring  to  it  for  his  arguments  and  oonda- 
aions. 

Half- Hour  Recreations  in  Natural  History  of  Estes  and  Laureat,  Boston.  Half- 
Hours  with  Insects,  by  A.  S.  Packard,  Jr.     Part  8.     pp.  225-256,  1875. 

Half- Hour  Recreations  in  Popular  Science  of  Estes  and  Laureat.  No.  16,  the 
Ice  age  in  Britain,  by  Prol  Geikie,  and  Causes  of  the  degeneracy  of  Teeth,  by 
Prof.  H.  8.  Chase,    pp.  105-136.     1876. 

Fiyrster^  E.  Geschichte  der  Italienischen  Kunst.  Vierter  Band.  Svo,  pp.  526. 
Leipzig,  L876.     P.  0.  Weigel. 

Wesady,  J,  E.  Anleitung  zur  Kenntniss  und  zum  Sammeln  der  Werke  dee 
Kunatdruekes.  Mit  zwei  Tafeln  Monogramme.  Svo,  pp.  viii,  338.  Leipzig,  1875. 
P.  0.  Weigel. 

Ernile  Kopp.  — For  the  biographical  notice  of  Prof.  Kopp,  on  p.  80,  this  Joomal 
is  indebted  to  Dr.  F.  H.  Storer. 

OBITUARY. 

Gkorge  Poulett  Scbopk,  the  eminent  author  of  works  and 
memoirs  on  volcanoes,  died  on  the  18th  of  January,  at  his  resi- 
dence near  Cobhan,  Surrey,  at  the  age  of  70  years. 


\ 


APPENDIX. 


Art.  XXX. — Principal  Gharact&rs  of  the  TiUodontta :  by  O.  C. 

Marsh.    (With  two  plates.) 

The  Eocene  deposits  of  North  America  have  yielded  two 
new  orders  of  extinct  mammals,  the  Dinocerata^  and  the  TiUo- 
<ibntiaj  both  of  great  interest,  and  widely  different  from  all 
"known  groups,  as  well  as  from  each  other.     The  latter  order, 
recently  established  by  the   writer,*   is  comparatively  little 
known,  as  the  animals  representing  it  are  of  moderate  size,  and 
but  few  of  their  remains  have  yet  been  discovered.     The  typ- 
ical genus  of  this  order  is  TUlotherium^  the  more  important 
characters  of  which  can  now  be  readily  determined  from  speci- 
mens in  the  Yale  Museum.     This  genus,  therefore,   will   be 
mainly  used  in  the  present  article  to  illustrate  the  order. 

THUotherium  Marsh,  1873.f 

The  skull  in  this  ^enus  resembles  in  its  general  form  that  of 
Urstis.  It  is  of  moderate  length,  much  elevated  in  the  frontal 
region,  and  with  the  zygomatic  arches  widely  expanded. 
(Plate  Vm.)     The  posterior  portion  of  the  cranium  is  de- 

?ressed,  and  much  constricted  behind  the  fronto-parietal  suture, 
'he  temporal  fossae  are  large,  and  separated  by  an  obtuse 
sagittal  crest.  There  is  no  postorbital  process.  The  frontal 
bones  are  large,  and  inflated  with  air  cavities.  The  nasals  are 
elongate,  broad  posteriorly,  and  narrow  in  front,  where  they 
unite  with  the  premaxillaries.  The  latter  are  massive,  and  pro- 
ject forward  beyond  the  nasals.  They  are  united  only  by  a 
slender  bridge  of  bone,  below  the  anterior  narial  aperture. 

The  orbit  is  confluent  with  the  temporal  fossa,  which  is 
largely  formed  below  by  the  squamosal  The  latter  sends  out- 
ward and  forward  a  strong  zygomatic  process,  and,  downward, 
a  short,  obtuse,  post-glenoid  tubercle,  which  bounds  in  front  the 
external  auditory  meatus.  This  opening  is  bounded  behind  by 
the  posttympanic  process  of  the  squamosal,  which  unites  di- 
rectly with  the  paroccipital.  The  tympanic  portion  of  the 
periotic  does  not  reach  the  external  surface.  The  articular  face 
lor  the  condyle  of  the  lower  jaw  is  but  very  slightly  concava 
(Plate  IX)     The  malar  bone  is  slender,  and  forms  the  anterior 

♦  This  JoOTDftl,  vol  ix,  p.  321,  March,  1876.  f  ^®^  ▼»  P-  ^5. 
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portion  of  the  zygomatic  arch.  The  lachrymal  is  of  moderate 
size,  and  is  perforated  by  its  foramen  in  front  of  the  anterior 
border  of  the  orbit.     The  infra-orbital  foramen  is  large. 

The  palate  is  broad  behind,  narrow  in  front,  and  somewhat 
excavated.     The  anterior  palatine  foramina  are  confluent,  and 
are  enclosed  between  the  premaxillaries  and  maxillaries.    Tbe 
posterior  palatine  foramina  are  in  the  latter  bones,  near  the  first 
premolars.     The  posterior   nares  are  behind   the   last  upper 
molars.     The  occipital  condyles  are  small,  and  sessila    IW 
exoccipitals  are  perforated  by  a  condylar  foramen  of  moderate 
size.     There  is  no  auditory  bulla,  but  in  its  place,  an  irregular 
opening,  partially  occupied  by  the  periotic.     There  was  a  dis- 
tinct alisphenoid  canal. 

The  brain  cavity  in  Tillotherixim  is  small,  but  proportionally 
larger  than  in  Dmoceras.^  The  size  of  the  brain  compared 
with  the  entire  skull  is  shown  in  the  accompanying  cut,  fig.  1. 


I 


Figure  1.  Outline  of  skull  and  brain  cavifyof  TWotherium  fodiens  Marsh.  Top 
view.     One-fourth  natural  size. 

As  in  most,  if  not  all,  Eocene  mammals,  the  cerebral  hemis- 
spheres  were  small,  and  did  not  extend  over  the  cerebellum  or 
olfactory  lobes.  The  latter  were  large,  and  projected  well  for- 
ward. The  hemispheres  were  evidently  more  or  less  convo- 
luted. There  was  no  distinct  tentorial  ridge.  The  cerebellar 
fossa  is  large,  much  expanded  transversely,  and  elevated  above 
the  cerebral  cavity.  Tnere  is  a  shallow  pituitary  fossa,  and  no 
clinoid  processes.     The  exit  for  the  optic  nerve  is  quite  large. 

The  adult  dentition  of  Tilhthermm  is  represented  by  the  fol- 
lowing formula: 

Incisors  — .  canines  — ;  premolars  — :  molars  — . 
2  »  1      '^  2  3 

♦  This  Journal,  vol  ix,  p.  165,  Feb.,  1876. 
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The  two  anterior  upper  incisors  are  large  and  scalpriform, 
and  faced  in  front  with  enamel.  They  Rrew  from  persistent 
pulps,  and  strongly  resemble  the  corresponaing  teeth  in  Bodents. 
(Plate  IX,  figure  1.)  The  upper  canines  were  quite  small,  and 
separated  by  a  diastema  from  the  first  premolar.  In  the  upper 
true  molars,  the  fore  and  aft  diameter  is  much  less  than  the 
transverse,  and  the  crowns  are  very  short  The  form  of  these 
teeth  is  well  shown  in  Plate  IX,  figure  4,  which  repi^esents  a 
nearly  unworn  last  upper  molar,  natural  siza 

The  lower  jaw  in  TiUotherium  is  elongate  and  massive,  and 
the  symphysis  is  completely  ossified.     The  condyle  is  broad, 
convex  transversely,  and  raised  above  the  line  of  the  teeth. 
The  coronoid  process  is  stout,  and  of  moderate  height     The 
ande  is  thin,  and  not  inflected.     The  anterior  incisors  are  large 
and  scalpriform,  and  &ced  in  front  with  enamel     The  canine 
was  quite  small.     The  lower  molar  series  is  of  the  Palceotherium 
type,  and  the  last  lower  molar  has  a  well  developed  third  loba 
The  vertebrae  of  TiUotherium  resemble  those  of  some  car- 
nivores.    The  cervicals  are  short,  and  the  ends  of  the  centra 
nearly  fiat     The  dorsals  are  of  moderate  len^h,   and  also 
ampliiplatyan.     The  lumbars  are  quite  large.     The  humerus  is 
stout,  and  broad  transversely  at  the  distal  end,  which  has  a 
supra-condylar  foramen.    The  radius  and  ulna  are  separate, 
and  of  nearly  equal  size.     The  radium  is  short,  and  botn  ends 
are  expanded  transversely,  indicating  but  little  rotation.     The 
scaphoid  and  lunar  bones  are  distinct,^  and  the  pisiform  is 
large  and  stout     The  feet  were  plantigrade.     There  were  five 
digits  in  the  manus,  the  first  being  well  developed.     The  meta- 
carpals are  short,  and  the  terminal  phalanges  long,  compressed 
ana  pointed,  somewhat  similar  to  those  m  the  Bears.     (Plate 
IX,  figure  8.)    The  femur  is  of  moderate  length,  and  its  head 
has  a  pit  for  the  round  ligament     There  is  a  well  marked  third 
trochanter.     The  distal  end  of  the  femur  is  compressed  in  a 
^ore  and  aft  direction.     The  tibia  and  fibula  are  aistinct,  and 
tlie  latter  is  curved  and  slender.     The  calcaneum  is  elongate, 
a.nd   the   astragalus,    depressed,   with  only  a  slight  superior 
groove.     The  hind  feet  were  plantigrade,  and  the  five  digits 
'Were  similar  to  those  of  the  manus. 

The  remains  of  this  genus  at  present  known  are  from  the 
Eocene  of  Wyoming.  The  specimens  preserved  indicate  ani- 
mals from  one-half  to  twothiras  the  size  of  a  tapir. 

Yale  College,  New  Haven,  Feb.  18,  1876. 

*  The  scaphoid  and  lunar  bonee  have  not  yet  been  found  united  in  any  Eocene 
Knammal. 

[To  be  continued.] 


EZPLAITATIOK  OF  PLATB& 

Plftte  YlU^TKUotherwm  Jodieru  Marsh.  Figure  1,  side  view  of  skull;  figure  2, 
lower  jaw,  side  view ;  figure  3,  top  view  of  skulL  All  one-hidf  nat- 
ural size. 

Plato  IX— Figure  1.  JWotherium  fodiens  UbtOl  Front  view  of  skull :  One-half 
natural  size ;  figure  2,  bottom  view  of  same  skull,  one-half  natural 
size ;  figure  3,  ungual  phalanx  of  same  specimen ;  a,  (h>nt  view ;  6, 
side  view ;  natural  size.  Figure  4,  last  upper  molar  of  TUlotherium 
kttidena  Marsh,  natural  size.  Figure  5,  lower  molar  of  Anchippodus 
minor  Marsh.    (TVo^ora^  oasloridmu  Leidj)  natural  size. 
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Abt.  X3XI. — On  the  Oases  contained  in  ifeteorites ;  bj 
ABTBxfifL  W.  Wright,  Professor  of  Molecular  Physics  and 
GhemistiQr,  in  Yale  College. 

In  an  article  published  by  the  writer  in  this  Journal,  for 
July,  1875,  an  account  was  given  of  an  examination  of  the 
gases  obtained  from  the  n|4borite  of  Iowa  County,  Iowa,  which 
fell  on  February  12,  1875.  This  meteorite  is  of  the  ordinary 
stony  kind,  containing  12*54*  per  cent  of  nickeliferous  iron, 
and  the  investigation  was  undertaken  chiefly  with  a  view  to 
ascertain  whether  the  spectrum  of  the  gases  evolved  from  such 
a  body,  by  the  application  of  heat,  would  afford  any  informa- 
tion respecting  the  recent  theories  connecting  such  meteorites 
with  the  comets.  An  analysts  of  the  gases  obtained  ait 
moderate  temperatures  developed  the  unexpected  fact  that  their 
chief  constituent  was  carbon  dioxide,  with  a  small  proportion 
of  carbonic  oxide,  these  two  gases  constituting  more  than  nine 
tenths  of  the  product  evolved  at  a  temperature  of  250^,  and 
nearly  one  half  of  that  given  off  when  the  heat  was  just 
below  redness.  As  was  to  be  expected  from  such  a  composi- 
tion, the  spectrum  obtained  from  the  earlier  portions  of  gas 
given  off  was  chiefly  that  of  the  carbon  compounds,  and 
showed  a  very  close  resemblance  t<^  those  of  several  of  the 
comets. 

Among  the  conclusions  drawn  from  the  investigation,  it  was 
stated,  that  the  nature  of  their  gaseous  contents  establishes  ift 
marked  distinction  between  the  stony  meteorites  and  the  irons 

*  Analjals  of  Prof.  J.  L.  Smith,  this  Jounud,  HI,  z,  p.  362. 
Am.  Jour.  Sol— Third  Sbribs,  Vol.  XI,  No.  64.— April,  1876. 
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"hitherto  examined,"  provided  the  Iowa  meteorite  oould  ^' be 
taken  as  a  representative  of  its  class."*  With  a  view  to  ob- 
tain data  for  a  more  extended  comparison,  the  investigation 
was  continued,  and  a  number  of  meteorites  of  both  classes 
examined.  The  resalts  of  this  work  are  given  below,  and  it 
will  be  seen  that  they  tend  to  justify  completely  the  conclu- 
sions in  my  former  paper,  so  &r  as  any  limited  number  of 
determinations  could  ao  so. 

The  method  of  experiment  was  the  same  as  that  described  in 
the  former  paper,  except  in  some  of  the  minor  details,  and 
need  be  but  briefly  described  hera  The  specimen  to  be  ex- 
amined was  placed  in  a  tube  of  very  hard  and  refractory  glass, 
which  was  merely  softened  at  a  red  heat,  and  whicli,  when 
filled  with  the  meteoritic  substance,  could  be  maintained  for  a 
long  time  at  this  temperature  without  yielding  more  than  so 
much  as  merely  to  deform  the  tube  In  no  instance  was  air 
admitted  by  the  cracking  or  drawing  in  of  the  hot  glass.  The 
air  was  exhausted  and  the  gas  collected  by  means  of  a  Sprengel 
pump  of  such  perfection  that  it  would  produce  a  vacuum  of 
Dut  a  fraction  of  a  millimeter,  and  maintain  it  for  days  un- 
changed. The  specimen  tube  having  been  attached  to  the 
pump,  the  latter  was  set  in  action  and  kept  running  until  the 
air  was  thoroughly  removed,  as  could  be  seen  by  the  state  of 
the  gauge.     The  meteorite  was  then  heated  cautiously  and  the 

fas  pumped  out  into  the  tube  in  wliich  it  was  to  be  examined, 
further  details  of  the  mode  of  procedure,  where  varied  in  the 
different  cases,  will  be  given  in  their  appropriate  places. 

The  problem  of  determining  the  exact  nature  and  relative 
proportion  of  the  gases  in  a  meteorite  is  less  simple  than  it 
might  at  first  sight  appear.  For  not  only,  as  Griiner  has  showD,t 
is  metallic  iron  attacked  by  carbon  di-oxide,  but  it  also,  in  the 
presence  of  this  gas,  or  other  oxidizing  agents,  determines  the  re- 
duction of  carbonic  oxide,  and  its  disappearance  therefore  from 
the  gaseous  products.  In  the  case  of  tne  stony  meteorites  the 
question  is  still  more  complicated,  as  there  is  always  present  a 
greater  or  less  quantity  of  oxide  of  iron,  which  at  an  elevated 
temperature  must  exert  no  inconsiderable  influence  upon  the 
constitution  of  the  gaseous  mixture  obtained  from  the  mass. 
Griiner's  very  careful  experiments  showed  that  pure  carbonic 
oxide  progressively  reduces  the  oxide  of  iron,  at  a  temperature 
of  400^  C.     On  the  other  hand  it  is  itself  reduced  bv  metallic 

*  This  oonduaion  has  been  criticized  as  hasty  by  Prof.  J.  W.  MaUet  (this 
Journal,  III,  x,  206),  and  a  second  one  by  M.  M.  Delafontaine,  (Bibliotheqne 
Universelle,  Oct,  1876,  188),  both  of  whom  have  overlooked  or  ignored  the  &ct 
that  they  were  g^ven  as  merely  provisional,  conditioned  upon  the  assumed  general 
agreement  of  other  iron  and  stony  meteorites,  as  respects  the  gases  derived  from 
them,  with  those  to  which  the  statement  referred. 

f  Gomptes  Bendus,  IxTTiii,  p.  28,  et  aL,  Ixxiv,  p.  231,  etc 
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iron,  with  a  deposition,  of  pulveruloDt  carbon,  though  the 
action  is  verj  slight  at  temperatures  less  than  400*^  C.  The 
commission  who  reported  upon  his  memoir,  in  repeating  some 
of  his  experiments,  found  that  the  temperature  must  exceed 
860°  in  order  that  this  effect  may  be  produced  at  all.  At 
higher  temperatures  the  action  is  very  marked.  More  recently 
Sir  L  Lowthian  Bell,  in  his  work  containing  the  results  of  a 
very  elaborate  and  admirable  series  of  researches  upon  the 
mutual  ac^tion  of  the  two  oxides  of  carbon  in  the  presence  of 
metallic  iron  and  oxide  of  iron,*  has,  in  the  main,  confirmed 
Griiner's  conclusions,  but  has  shown  that  the  results  vary,  not 
only  with  the  temperatures,  but  also  with  the  relative  propor- 
tion of  these  substances  present  He  found  that  pure  carbonic 
oxide  begins  to  reduce  FejO,  at  from  140^  to  200®  Ci, 
according  to  the  substance  used,  while  at  a  moderate  red 
heat  the  oxygen  is  rapidly  removed,  with  the  formation  of 
carbon  di-oxide.  On  the  other  hand  the  latter  gas  was 
partially  reduced  bv  spongy  iron  at  a  low  red  heat,  with 
the  formation  of  carbonic  oxide.  We  have  further  to  consider 
the  action  of  the  hygroscopic  moisture  upon  the  metallic  iron, 
as  well  as  the  mutual  action  of  hydrogen  and  oxide  of  iron,  at 
elevated  temperaturea 

It  is  very  evident  then  that  the  composition  of  the  gases 
obtained  at  or  above  the  temperature  of  red  heat  cannot  be  con- 
sidered to  represent  accurately  the  true  constitution  of  the 
gaseous  contents  of  a  meteorite,  and  especially  is  this  true  in 
the  case  of  the  stony  ones.  On  the  other  hand  we  can  hardly 
assert  with  confidence  that  the  different  gases  are  expelled  in 
exactly  their  proportionate  amounts  at  all  temperatures.  In 
fact  the  experiments  show  that  the  proportions  of  the  gases 
vary  with  the  temperatures  of  their  evolution  in  a  manner  not 
satisfactorily  explainable  on  the  assumption  that  such  an  effect 
is  due  to  chemical  action  alone.  It  is  important  therefore  that 
the  experiments  should  be  conducted  in  such  a  way  as  to  facil- 
itate as  much  as  possible  the  evolution  of  the  gases,  while  at 
the  same  time  they  are  exposed  for  as  short  time  as  possible  to 
the  action  of  high  temperatures.  The  first  of  these  conditions 
is  attained  in  a  good  degree  by  reducing  the  material  examined 
to  a  state  of  minute  subdivision.  The  second  is  approximated 
by  continuing  the  application  of  the  high  temperatures  for  the 
shortest  time  consistent  with  a  satisfactory  effect  in  driving  off 
the  gases  sought 

In  the  case  of  the  iron  meteorites  the  material  was  generally 

[)repared  by  boring  out  the  solid  iron  with  a  steel  drill  upon  a 
athe,  the  substance  being  rendered  as  fine  as  possible.     In 

*  Chemical  Phenomena  of  Iron  Smelting. 
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some  instances  this  was  not  practicable  from  deficiency  of 
material,  and  chips  produced  bj  a  planing  machine  were  used 
The  stony  meteorites  were  reduced  to  powder  in  a  diamond 
mortar.  The  iron  contained  in  them  being  for  the  most  part 
in  very  minute  particles  no  further  operation  was  necessary  in 
this  case.  The  powder  from  the  irons,  when  the  tube  con- 
taining it  was  deprived  of  air,  gave  off  a  small  quantity  of  gas 
from  the  mere  diminution  of  pressure,  without  the  application 
of  heat,  in  one  instance  enough  having  been  evolved  to  allow 
of  its  collection  in  a  tube.  A  qualitative  examination  of  it 
showed  that  hydrogen  and  the  oxides  of  carbon  were  present, 
leaving  no  doubt  that  the  mere  pulverization  of  the  iron  was 
sufficient  to  cause  it  to  part  with  a  portion  of  its  gaseous  con- 
tents at  ordinary  temperatures,  and  greatly  to  racilitate  the 
process  at  higher  temperatures. 

The  heat  was  applied  by  means  of  a  Bunsen  burner,  carried 
slowly  back  and  lorth  beneath  the  tube,  which  was  wrapped 
with  wire  gauze.  For  the  irons  the  temperature  was  earned, 
in  the  first  instance,  to  a  point  below  redness,  in  order  that  the 
action  of  the  iron  upon  the  gases  should  be  as  little  as  possible. 
It  was  about  500®  C.  The  gauge  was  watched  during  the  heat- 
ing and,  as  soon  as  it  ceased  to  rise  perceptibly,  the  name  was 
slowly  withdrawn,  and  the  gas  at  once  pumpea  out  The  evo- 
lution of  gas,  at  this  temperature,  generally  ceased  very  nearly 
in  twenty  or  thirty  minutes.  After  the  gas  was  thoroughly 
removed,  the  iron  was  heated  to  redness  with  a  cluster  of  four 
Bunsen  burners,  the  heat  being  continued  as  long  as  any  con- 
siderable amount  of  gas  appeared  to  come  away.  This  required 
usually  but  thirty  or  forty  minutes,  though  in  one  or  two 
instances  it  was  continued  somewhat  longer.  It  will  be  seen  from 
the  results  given  below  that  the  larger  portion  of  the  gas  was 
obtained  at  the  lowest  temperature,  in  every  instance  but  one. 

The  iron  meteorites  examined  were  the  following:  First, 
that  from  Tazewell  Co.,  Tennessee,  described  by  Professor  J. 
L.  Smith,  in  this  Journal,  II,  xix,  158.  Its  composition  is  Fe, 
88*02;  Ni,  14-62;  other  substances,  1-98.  No  carbon  was 
found.     Specific  gravity  7 "9. 

Second,  that  of  Shingle  Springs,  Eldorado  Co.,  California, 
described  by  Professor  B.  Silliman,  this  Journal,  III,  vi,  1.  It 
contains  Fe,  8148;  Ni,  1717;  C,  0*07,  other  substances,  1*27. 
Sp.  gr.  7-875. 

Third,  the  meteorite  of  Arva,  in  Hungary,  noticed  in  this 
Journal,  II,  viii,  439.  The  analysis  of  A.  Lowe  gives  Fe, 
90471;  Ni,  7*321 ;  residuum  of  carbon,  silica,  and  cobalt,  1'404. 
Sp.  gr.  7*814.  Another  analysis  b}'  Bergemann,  Pogg.  Atm., 
c.  266,  gives  for  its  composition,  exclusive  of  the  sulphide  of 
iron  contained  in  it,  Fe,  82*25;  Ni,  8*12 ;  Co,  0*364;  P,  0*74; 
0, 1*54;  Graphite,  2*00. 
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Fourth,  the  great  Texas  meteorite  in  the  cabinet  of  Yale 
College,  descrioed  by  Professor  C.  U.  Shejpard,  this  Journal, 
I,  XVI,  216,  also,  with  an  analysis,  by  Professors  B.  Silliman, 
and  T.  Sterry  Hunt,  this  Journal  11,  ii,  370.  It  contains 
Fe,  9091;  Ni,  846;  residue  containing  carbon,  0*50.  Sp.  gr. 
7543. 

Fifth,  that  from  Dickson  Ca,  Tennessee,  described  by  Pro- 
fessor J.  L.  Smith,  this  Journal,  III,  x,  349,  and  examined  at 
his  request  It  contained  Fe,  9115;  Ni,  SOI;  Co,  0*72;  Cu, 
0-06.     Sp.  gr.  7-717. 

The  following  table  gives  the  results  obtained,  the  numbers 
expressing  parts  in  one  hundred.  The  numbers  in  the  third 
line  in  each  case  give  the  percentage  of  each  gas  in  the  total 
amount  obtained.  They  are  not  the  simple  averages  of  the; 
numbers  above  them,  but  the  means  reduced  according  to  the 
volumes  in  each  case.  The  totals  in  the  last  column  are  the 
sums  of  the  volumes  given  oflF  at  the  different  temperatures. 

Name.    Temperature.       COt.  CO.  H.  N.    Voliiines. 

Tazewell  Co.,  600%  18-84         38-46         41-61         1*70         1-87 

Red  heat,  7-76         46-76         4476         173         1-30 

Total, 

Shingle  Springs,  600^, 
Red  heat, 

Total, 

Arva,  600°, 

Red  heat. 

Total, 

Texas,  500°, 

Red  heat, 

Total,  8-59         14-62         76-79        129 

Dickson  Co.,  Total,         13*30         16-30         7140        2-2 

The  small  quantity  of  the  iron  available  in  the  examination 
of  the  Dickson  Co.  meteorite  rendered  it  necessary  to  be  con- 
tent with  a  single  heating  to  redness.  The  iron  was  in  the 
form  of  coarse  chips  which  were  cut  by  a  planing  tool.  The 
same  was  true  of  tne  Shingle  Springs  iron,  and  this  accounts  in 
part  for  the  smaller  volume  of  gases  obtained  in  these  two 
cases. 

We  may  add  to  this  list  the  Lenarto  iron  examined  by  Pro- 
fessor Graham,*  and  the  meteorite  of  Augusta  Co.,  Virginia, 
the  gases  from  which  were  analyzed  by  Professor  J.  W.  Malletf 
The  former  yielded  CO,  446 ;  H,  85-68 ;  N,  9*86,  the  whole 
amount  of  gas  being  2*85  times  the  volume  of  the  iron.     The 

♦  Proc.  Boyal  Soc.,  xv,  502.  f  IbicL,  xx,  366. 


14-40 

41-23 

42-66 

1-71 

3-17 

19*98 

13-62 

60-92 

6-68 

0-66 

1-10 

10-39 

84-40 

4-11 

0-32 

13-64 

12-47 

68-81 

6-08 

0-97 

18-20 

38-72 

40-62 

2-46 

8-89 

11-25 

74-59 

12-84 

1-32 

38-24 

12-56 

67-71 

18-19 

1-54 

47-18 

9-76 

8-43 

81-81 



1-10 

2-18 

48-58 

49-24 

.  — 

0-19 
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latter  gave  CO,,  9-75:  CO,  88-88;  H,  8588;  N,  1609,  and 
8-17  volumes  of  gas  in  all.  In  both  these  instances  the  iron  was 
very  strongly  heated,  the  temperature  in  the  latter  case  being 
carried  nearly  to  whiteness,  and  continued  for  several  hours. 
The  volume  of  gas  was  divided  into  three  parts,  and  the  por- 
tions obtained  at  the  beginning,  middle,  and  end  of  the  opera- 
tion separately  analyzed.  Reducing  the  volumes  given  by 
Professor  Mallet  for  each  of  the  gases  in  these  portions  to 
parts  in  one  hundred,  we  have  the  following  numbers : 

00,.  00.                  H.  N. 

Beginning,  1509  30*74  42*52  11-65 

Middle,          4*28  46*12  48*64  6*01 

End,               8-69  47*00  13-36  35-95 

The  percentages  in  the  total  amount  of  ^as  obtained  are  given 
above.  It  wul  be  seen  that  the  results  for  the  first  two  por- 
tions closely  resemble  those  given  for  the  Tennessee  iron  in  the 
tabla 

In  the  experiments  with  meteorites  of  the  stony  class  the 
same  method,  in  general,  was  pursued,  except  that  the  first 
temperature  was  somewhat  lower,  being  about  350**.  This  was 
adopted  in  order  to  lessen  as  much  as  possible  tlie  chemical 
action  of  the  substances  upon  each  other,  and  at  the  same  time 
because  the  relative  proportions  of  the  amounts  of  gas  obtained 
at  this  and  the  higher  temperature  wei-emore  convenient  for  the 
analyses. 

The  meteorites  examined  were  the  following:  First,  that 
from  Guernsey  Co.,  Ohio,  which  fell  on  May  I,  1860,  and  is 
described  by  Professor  J.  L.  Smith,  in  this  Journal,  II,  xxxi, 
87.  It  contains  10-7  per  cent  of  nickeliferous  iron,  and  has  a 
specific  gravity  of  8'55. 

Second,  one  from  Pultusk,  in  Poland,  which  fell  on 
January  30,  1868.  This  was  subjected  to  an  elaborate  inves- 
tigation, and  described,  by  Dr.  G.  vom  Rath.*  Several  thou- 
sand small  masses  were  collected,  of  which,  some  examined  by 
vom  Rath  were  found  to  contain  10*06  per  cent  of  nickeliferous 
iron,  though  other  specimens  analyzed  by  Werther  and  Ram- 
melsberg  gave  21*08,  and  21*78  per  cent  respectively. f  It 
resembles  somewhat  the  Iowa  stone  in  its  general  character, 
and  has  a  specific  gravity  of  3*725.  The  writer  is  indebted  to 
the  courtesy  of  Professor  G.  J.  Brush,  who  sacrificed  an  excel- 
lent specimen  for  the  examination,  from  his  private  cabinet 

Third,  the  meteorite  of  Parnallee,  India,  Feb.  2>5,  1857, 
found  by  Pfeiflfer:|:  to  contain  6*84  per  cent  of  meteoric  iron. 
It  has  a  specific  gravity  of  3  44. 

*  FestBchrift  der  Niederrheiniscben  Geeellschaft  fiir  Natur-  und  Heilkunde  zom 
60i&hrigeD  Jubilaum  der  Universitat  Bodd. 

f  C.  Rammelsberg,  Die  (^emische  Natur  der  Meteoriten.  AbhandlungeQ  dar 
KooigL  Akad.  der  Wiasensohaften  zu  Berlin,  1870. 

X  wien.  Akad.  Ber.  47. 
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Fourth,  the  meteorite  of  Weston,  Conn.,  which  fell  Dec.  14^ 
1807.  This  is  one  of  the  most  interesting  meteorites  knowo^: 
and  is  remarkable  both  for  its  lithological  character,  and  for  the 
large  amount  of  iron  contained  in  it,  tnis  being  estimated  as  from 
80  to  40  per  cent  Its  specific  gravity  is  8*6.*  These,  together 
with  the  Iowa  County  meteorite,  all  belong  to  the  class  of 
chrondrites,  of  O.  Hose,  or  sporadosiddres,  of  Daubr^e,  and 
are  good  representatives  of  tne  ordinary  or  most  numerous 
class  of  the  stony  meteorites. 

In  the  examination  of  the  Iowa  County  meteorite  already 
referred  to,  the  determinations  were  made  for  a  number  of  dii- 
ferent  temperatures,  tbe  results  being  as  follows : 


At  IW. 

At  260". 

Below 
red  heat 

At  low 
red  heat 

AtfuU 
red  heat 

CO. 

95*46 

92*32 

42-27 

35-82 

6-66 

CO 

0-00? 

1-82 

611 

0*49 

0-00 

H 

4*54 

5*86 

48*06 

68-6 1 

87-63 

N 

0-00 

0-00 

4-66 

6-18 

6*01 

100-00         100-00       100*00       100-00       100-00 

The  separation  of  the  gaseous  volume  into  so  many  small  por- 
tions rendered  the  estimation  of  minute  quantities  of  any 
constituent  less  certain,  and  it  is  probable  that  the  percentage 
of  the  nitrogen,  which  was  estimated  as  a  residue,  may  have 
had  thus  set  down  to  it,  besides  the  errors  of  the  determinationS| 
very  small  amounts  of  carbonic  oxide  and  possibly  of  marsh 
gas,  which  was  found  in  all  the  cases  in  the  present  investiga- 
tion. But  they  were  at  all  events  too  small  to  be  certainly 
distinguished  from  errors  of  observation.  In  the  re-examina- 
tion oi  this  meteorite  for  carbon  di-oxide  mentioned  below,  the 
nitrogen  was  directly  determined  in  gas  given  off'  after  exposure 
to  a  red  heat  for  a  considerable  time,  and  corresponding  nearly 
to  the  portion  referred  to  in  the  last  column  of  the  above  table. 
The  amount  found  was  8*41  per  cent  But  no  great  stress 
should  be  laid  upon  such  a  discrepancy,  considering  the  manner 
and  the  purpose  of  the  preceding  determination.  The  latter 
determination  agreed  with  the  former  as  to  the  absence  of  car- 
bonic oxide  and  marsh  gas,  at  that  temperature. 

The  results  obtained  for  the  difiFerent  cases  are  shown  in  the 
following  table.  The  numbers  given  for  the  Iowa  County 
meteorite  are  reduced  from  the  former  analysis,  the  volumes 
being  obtained  from  the  notes  made  at  the  time,  and  500°  being 
assumed  as  approximately  representing  the  temperature  there 
given  as  "below  red  heat  *  The  first  temperature  in  the  case 
of  the  Ohio  meteorite  was  also  500°,  this  being  the  first  one 
determined.  The  second  heating  was  also  continued  for  a 
longer  time,  which  accounts  for  a  slight  difference  between  this, 

*  B.  Silliman,  Sen.,  ICemoirs  Conn.  Acad.,  vol  i,  p.  142. 
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00. 

OH,. 

H. 

N.     Yidumes. 

216 

2-26 

12-37 

0-98         2-06 

8'71 

1-66 

69*43 

3-41         0-98 

and  the  other  ca8e&  As  it  was  found  that  this  degree  of  heat- 
ing left  too  small  a  proportion  of  the  gas  for  the  second  determi- 
nation, as  also  for  other  reasons  mentioned  above,  the  temperature 
of  about  860°  was  employed  in  the  succeeding  experiments : 

,  Name.    Temperature.  COg. 

Ohio,  600**,      82-28 

Red  heat,      16-79 

Total, 

Pultusk,     350**, 
Red  heat. 

Total, 

Pamallee,  350**, 
Red  heat. 

Total, 

Weston,     360**, 
Red  heat. 

Total, 

Iowa,         600°, 
Red  heat. 

Total,      36-44         1-80        00 


69*88 

4-40 

2-06 

81*89 

1-78 

2-99 

8101 

1-99 

1-78 

13  86 

1-91 

0-99 

33-97 

7-36 

6-00 

49-99 

2-69 

0-76 

60-29 

4-36 

3-61 

29-60 

2-25 

1-75 

87-63 

1-13 

1-22 

8-72 

1-40 

1-56 

72-43 

2-63 

8-22 

2003 

1-79 

1-17 

81-02 

1-74 

2-08 

18-59 

1-67 

2-63 

86-29 

1-84 

1-19 

8-69 

2-09 

2-69 

62-18 

3-43 

3-10 

28-16 

3-18 

0-80 

80-78 

2-20 

1-63 

13-06 

2-33 

8-49 

68-04 

4-01 

00 

34-82 

3-13 

1-04 

1916 

0-21 

0-0 

74-49 

6-14 

1*46 

67-88         4-88 


2-6 


The  heat  was  continued,  in  the  case  of  the  Iowa  meteorite, 
longer  than  in  the  subsequent  experiments  with  the  others,  and 
the  result  shows  a  greater  diminution  in  the  amount  of  carbon 
dioxide  obtained.  Rejecting  the  last  column  in  the  analysis 
quoted  above,  we  have  for  the  total  average  percentage  up  to 
red  heat,  CO,,  49*51;  CO,  2*64;  H,  48*98;  N,  892,  which 
corresponds  more  nearly  with  the  results  in  the  other  cases. 
The  numbers  given  in  this  table  show  a  very  satisfactory  con- 
cordance, though  there  are  slight  diflferences,  doubtless  arising 
from  the  fact  that  the  temperatures  employed,  and  the  times  of 
exposure  to  the  heat,  though  approximately  the  same  in  the 
different  instances,  could  not  be  made  absolutely  identical. 
The  mass  of  material  operated  upon  was  also  not  always  the 
same,  which  would  produce  a  slight  difference  in  the  time  re- 
quire for  the  evolution  of  the  gas,  and  the  completeness  of  its 
elimination. 

It  will  be  observed  that  a  small  amount  of  marsh  gas 
was  found  in  each  of  the  portions  of  gas  obtained  in  the 
present  investigation.  This  might  possibly  be  accounted 
for,  in  the  case  of  the  higher  temperatures,  by  the  decom- 
position of  organic  matter  taken  up  by  the  meteorite  sub- 
sequently to  its  fall,  or  of  carbonaceous  matter  originally 
contained  in  it ;  but  as  such  decomposition  would  not  be 
likely  to  take  place,  to  any  great  extent,  at  so  low  a  tempera- 
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tare  as  360^  there  is  reason  for  believing  that  it  is  really 
one  of  the  constituents  of  the  meteoritic  gases.  The 
determinations  made  both  by  absorption  of  the  carbonic  oxide 
with  cuprous  chloride,  and  by  the  production  of  carbon  di-oxide 
after  the  explosion  with  oxygen,  agreed  very  well,  and  the 
analyses  in  each  case  were  best  satisfied  by  the  assumption  of 
the  amounts  of  marsh  gas  indicated  in  the  table.  The  Ohio 
meteorite  was  also  examined  at  a  number  of  different  tempera* 
tures,  the  diflFerent  portions  of  gas  having  the  following  pro- 
portions of  carbon  di-oxide :  at  100°,  95*92 ;  at  250°,  86-86 ;  at 
500°,  82-28;  at  incipient  red  heat,  88o5;  at  red  heat,  1916, 
showing  a  progressive  decrease  similar  to  Jbhat  observed  in  the 
case  of  the  Iowa  meteorita 

On  comparing  the  results  given  in  the  two  tables  a  marked 
difference  is  at  once  evident  Not  only  do  the  stony  meteorites 
give  off  a  much  larger  volume  of  gas  at  low  temperatures,  but 
the  composition  of  it  is  in  all  the  cases  examined  quite  distinct 
from  that  of  the  gas  evolved  from  the  irons.  In  no  case  among 
the  results  obtained  from  the  latter  is  the  amount  of  carbon 
di-oxide  greater  than  20  per  cent  at  600°,  nor  than  15  per  cent 
from  the  whole  quantity  evolved,  while  in  every  case  but  one 
the  volume  of  carbonic  oxide  is  considerably  larger.  In  the 
chondrites,  on  the  other  hand,  the  percentage  of  the  latter  gas  is 
conspicuously  small,  while  the  carbon  di-oxide  is  more  than 
half  of  the  total  quantity  of  gas  obtained  up  to  red  heat,  except 
in  the  case  of  the  Iowa  meteorite,  and  in  that  the  percentage  is 
not  much  less,  especially  if  we  reject  the  numbers  in  the  last 
column  above,  for  the  amount  obtained  by  a  second  and  long- 
continued  application  of  red  heat.  At  a  temperature  of  about 
350°,  it  constitutes  from  80  to  90  per  cent  of  the  gaseous  pro- 
ducts, in  all  cases,  while  at  the  heat  of  100°  C.  it  forms  some- 
what more  than  95  per  cent  of  the  gas  evolved  in  the  only  two 
cases  examined  in  this  respect  The  hydrogen,  on  the  other 
hand,  progressively  increases  in  quantity  with  the  rise  in  the 
temperature  of  evolution,  and  in  the  last  portions  given  off  at 
red  heat  is  generally  the  most  important  constituent  Its  propor- 
tion in  the  total  percentage  would,  no  doubt,  be  considerably 
increased  if  the  heat  were  greatly  intensified,  as  for  instance,  if 
carried  to  a  point  approaching  whiteness,  but  the  results  ob- 
tained in  such  a  way  would  be  entirely  unreliable,  from  the 
action  of  the  metallic  iron  and  the  oxide  of  iron  on  the  carbon 
compounds,  or  upon  the  hydrogen  itself. 

In  the  examination  of  the  Parnallee,  Pultusk  and  Weston 
meteorites,  a  small  quantity  of  the  moisture  given  off  at  a  high 
temperature  was  collected  in  a  glass  tube  attached  to  the  pump 
and  surrounded  with  a  freezing  mixture.  This,  when  tested^ 
gave  distinct  traces  of   chlorine  for  the  Parnallee  and  Weston^ 
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but  that  from  the  Pultusk  seemed  to  contain  little  or  none. 
The  latter  however,  as  well  as  the  Pamallee,  showed  the  pres- 
ence of  a  minute  quantity  of  sulphurous  oxide,  the  Weston 
meteorite  less  certainly. 

A  question  naturally  suggests  itself  as  to  the  manner  of  the 
occurrence  of  the  carbon  di-oxide  in  conditions  which  admit  of 
its  being  separated  so  much  more  readilj^  than  the  other  gaaeoos 
substances.  The  most  probable  supposition  seems  to  be  that 
it  is  condensed  upon  the  fine  particles  of  iron  as  well  as 
absorbed  within  them.  That  it  is  produced  by  the  decomposi- 
tion of  some  carbonate  is  not  likely  to  be  the  case,  since  the 
carbonates  that  could  occur  in  meteorites  all  require  high  tem- 
peratures for  the  evolution  of  this  gas,  and  the  quantities 
obtained  should  increase  constantly  with  an  increase  oi  temper- 
ature, whereas  the  reverse  is  true;  and  certainly  none  of  them 
would  give  up  the  gas  at  the  temperature  oi  boiling  water. 
Another  hypothesis  might  be  that  it  is  absorbed  in  part  from 
the  atmosphere.  To  test  this,  a  re-examination  of  the  Iowa 
meteorite  was  made,  the  material  being  heated  until  it  yielded 
as  nearly  as  possible  the  same  volume  of  gas  as  in  the  experi- 
ments of  the  preceding  year,  a  short  time  after  its  fall.  Had  it 
been  constantly  gaining  carbon  di-oxide  from  the  air  it  should 
have  given  the  senae  amount  of  gas  as  before  at  a  lower  temper- 
ature. On  the  contrary  it  required  a  more  intense  heating,  and 
a  longer  continuance  of  the  process.  The  percentage  of  CO, 
was  found  to  be  82*65.  If  any  diflference  exists  therefore  it 
has  lost  rather  than  gained,  at  least  in  this  interval  of  nearly  a 
year.  It  is  very  probable  therefore  that  no  considerable  part  of 
the  gas  is  derivett  from  the  atmosphere,  though  this  cannot  be 
asserted  absolutely,  and  the  question  must  remain  for  further 
investigation.  The  portions  of  gas  from  each  of  the  stony 
meteorites,  except  the  Pultusk,  which  was  not  examined,  gave 
cometiry  spectra,  similar  to  that  from  the  Iowa  specimen. 

On  reviewing  the  results  of  the  investigation  there  appears 
no  reason  for  modifying  the  conclusions  arrived  at  in  the 
former  article.  The  evolution  of  such  volumes  of  carbon  di- 
oxide may  well  be  taken  as  a  characteristic  of  the  stony  meteo- 
rites, and  its  relation  to  the  theory  of  comets  and  their  trains  is 
certainly  of  great  significanca  The  further  discussion  of  some 
of  the  results  of  the  investigation,  and  certain  interesting 
questions  suggested  by  them,  are  reserved  for  another  com- 
munication. 

Yale  College,  ICarch  18,  1876. 
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Art.  XXXIL — Review  of  OtoITb  Climate  and  Time  with  especial 
reference  to  the  Physical  Theories  of  Climate  maintained  Vterein;* 
by  Simon  Newcomb. 

The  present  notice  of  Mr.  Croirs  work  is  confined  to  an  ex- 
amination of  his  physical  theories  of  climate,  avoiding  all  those 
portions  which  have  a  geological  bearing.  The  physical  the- 
ories propounded  have  two  distinct  applications;  the  one  to 
the  present  climate  of  the  earth ;  the  other  to  the  changes  of 
that  climate  dnrinff  past  geological  a^es.  In  the  latter  depart- 
ment of  the  work  the  principal  object  is  to  account  for  the  glacial 
epoch  or  epochs,  the  author  conceiving  that  there  may  have 
been  several  such  epochs.  The  data  from  which  his  conclusions 
respecting  the  past  are  derived  are  necessarily  founded  on  his 
theories  of  the  causes  of  present  climate,  since  it  is  only  by  a 
thorough  discussion  of  the  way  in  which  all  climatic  causes  ope- 
rate, and  by  tests  of  all  the  conclusions  by  a  comparison  with 
the  present  climate  of  the  globe,  that  atiy  safe  rules  can  be  formed 
foriadging  of  the  climate  of  the  past 

We  are  forced  to  say  at  the  outset  that  the  physical  data  for 
forming  a  reliable  estimate  of  the  separate  eflFects  of  various 
causes  on  climate  are  almost  entirely  wanting.  The  physical 
theory  of  cosmical  heat  is,  at  the  present  time,  in  a  state  nearly 
approaching  the  chaotic,  a  circumstance  all  the  more  surprising 
when  we  consider  the  advanced  state  of  other  departments  (3 
the  theory  of  heat  Coumot  and  his  successors  have  devoted 
to  the  mechanical  theory  of  heat  an  amount  of  profound  research 
which  has  made  it  a  branch  of  the  most  exact  of  the  sciences. 
On  the  other  side,  Melloni  and  his  successors  have  done  a  great 
deal  for  what  we  may  call  the  chemical  theory  of  heat.  Between 
these  two  lie  the  physical  theory,  as  aiFecting  climate  and  cos- 
mical temperature,  which  has,  comparatively  sneaking,  been 
neglected  entirely.  To  illustrate  what  we  mean  let  us  consider 
the  temperature  of  the  earth  from  the  widest  point  of  view. 
Practically,  there  is  but  one  source  from  which  the  surface  of 
the  earth  receives  heat,  the  sun,  since  the  quantity  received  from 
all  other  sources  is  quite  insignificant  in  comparison.  There  is 
but  one  way  of  losing  heat,  by  radiation  into  space.  The  tem- 
perature of  the  surface  being  in  a  state  of  permanent  equilibrium, 
the  quantity  of  heat  radiated  and  reflected  must  be  equal  to  the 
total  quantity  received  from  the  sun.  It  is  this  equality  wliich 
determines  the  mean  temperature  of  the  surface  of  the  globa 

If  the  earth  were  not  surrounded  by  an  atmosphere,  if,  con- 
sequently, the  amount  of  heat  radiated  from  each  square  foot  of 
the  land,  as  well  as  from  the  whole  surface,  were  equal  to  that 

*  Climate  and  Time  in  their  g^logical  relations:  a  theory  of  secular  changes 
of  the  Earth's  Climate.    Bj  James  Croll.    New  York,  D.  Appleton  k  Co.,  1876. 
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received  from  the  sun,  the  problem  of  climate  would  be  a  quite 
simple  GDC.  Bat  the  atmosphere,  and  especially  the  vapors  sus- 
pended in  the  atmosphere,  exert  a  powerful  influence  in  various 
ways.  Perhaps  the  most  general  and  wide-spread  source  of 
this  influence  may  be  found  in  the  probable  unequal  diather- 
macy  of  the  atmosphere  to  solar  and  terrestrial  heat  which  may 
result  in  the  mean  temperature  being  higher  than  it  would  be 
if  there  were  no  atmosphere.  To  investigate  this  influence  the 
first  datum  necessary  is  the  mean  temperature,  first  of  the  whole 
earth  and  then  of  its  various  zones,  which  would  be  maintained 
if  there  were  no  atmosphere.  In  other  words,  we  wish  to  know 
what  would  be  the  temperature  of  a  small  solid  body  revolving 
round  the  sun  at  the  mean  distance  of  the  earth,  and  presenting 
all  its  sides  equally  to  the  sun  in  rapid  succession.  This  tem- 
perature may  be  called  the  normal  temperature  of  the  region  in 
whuJi  the  earth  is  moving. 

We  repeat  that  the  foundation  stone  of  any  reliable  investi- 
gation of  terrestrial  climate,  with  respect  to  its  causes,  must  be 
a  knowledge  of  this  normal  temperature.  Without  it  we  may 
have  any  quantity  of  material  for  discussion  but  nothing  on 
which  we  con  base  a  theory  worthy  of  the  slightest  confidence. 
There  are  of  course  many  other  questions  to  loUow  it,  but  this 
is  the  one  which  the  investigator  of  this  subject  meets  at  the 
very  threshold  of  his  investigation,  just  as  the  surveyor  who 
attempts  to  make  a  geodetic  measurement  first  meets  with  the 
question  of  the  length  of  his  measuring  rod.  Now,  no  stronger 
example  of  the  chaotic  state  of  the  theory  of  cosmical  heat  can 
be  given  than  the  simple  fact  that  not  only  is  this  normal 
temperature  entirely  unknown,  but,  so  far  as  we  are  aware, 
no  attempt  has  ever  been  made  to  determine  it  What  adds 
to  our  surprise  is  that  while  no  one  has  attempted  to  deter- 
mine what  temperature  a  body  like  the  earth  would  acquire  in 
free  space  exposed  to  the  solar  ravs,  there  have  been  a  number 
of  attempts  to  answer  the  experimentally  impossible  question 
what  temperature  such  a  body  would  acquire  if  the  solar  heat 
were  cut  off,  so  that  the  body  should  be  exposed  to  vStellar  radi- 
ation alone,  a  temperature  known  in  our  books  as  that  of  space. 

In  justice  to  physicists  it  must  be  said  that  one  step  toward 
determining  this  fundamental  temperature  was  taken  many 
years  ago.  Pouillet  and  Uerschel  determined  the  actual  quan- 
tity of  heat  radiated  by  the  sun,  and  their  results  have  been  of 
the  greatest  value  in  investigating  the  thermal  relations  of  the 
solar  system.  The  remaining  part  of  the  problem  is  more  la- 
borious, but  not,  we  conceive,  more  difficult 

Since  Mr.  Croll  had  not  at  hand  the  means  of  commencing  a 
complete  investigation  of  the  causes  on  which  terrestrial  climate 
depends,  his  theory  must,  of  necessity,  fail  to  be  entirely  con- 
clusive.    Still  it  is  worked  out  in  a  manner  so  laborious  as  to 
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render  it  worthy  of  very  careful  consideration,  although,  owing 
to  the  diffuse  mode  of  treatment  adopted,  the  complete  mastery 
of  his  views  is  a  very  difficult  task.  For  this  reason  it  is  ndi 
easy  for  the  reviewer  to  feel  sure  that  he  is  giving  such  a  state- 
ment of  the  author's  views  as  the  author  himself  would  regard 
as  entirely  satisfactory.  We  may  say,  however,  in  brief,  that 
one  great  object  of  the  author  is  to  insist  upon  the  important 
agencies  played  by  ocean  currents  in  influencing  climate.  In- 
deed, beyond  the  r^ular  astronomical  variation  of  climate 
with  the  latitude,  this  seems  to  be  the  only  influence  which  he 
will  allow  to  be  important  The  influence  of  the  Gulf  Stream 
in  modifying  the  climate  of  Northeastern  Europe  receives  es- 
pecial attention,  and  his  views  of  this  influence  seem  quite 
well  Ki^ni^<l^  We  had  supposed  the  view  that  the  warm  and 
equable  climate  of  that  region  was  due  to  the  Gulf  Stream  to 
be  one  universally  held,  although  no  one  had  attempted  to  ren- 
der it  plausible  by  an  actual  calculation  of  the  amount  of  heat 
conveyed  by  that  stream.  This  calculation  Mr.  Croll  has 
made,  and  having  reduced  his  own  estimate  of  the  volume  of 
the  stream  to  one-half,  in  deference  to  the  views  of  some  of  his 
opponents,  he  shows  that  the  amount  of  heat  annually  con- 
veyed away  by  the  stream  is  equal  to  the  whole  amount  which 
a  belt  of  the  earth  sixty-four  miles  broad,  extending  all  round 
the  equator,  receives  from  the  sun.  We  make  the  quantity  a  lit- 
tle less,  but  yet  equivalent  to  more  than  the  total  amount  of  heat 
which  falls  on  a  million  of  square  miles  at  the  equator.  Mak- 
ing all  allowance  for  the  uncertainties  of  these  data,  and  for 
the  fact  that  only  one  of  the  two  branches  of  the  Gulf  Stream 
passes  over  to  Northeastern  Europe,  it  must  yet  be  admitted 
that  the  quantity  of  heat  which  that  region  receives  from  the 
Gulf  Stream  is  not  an  inconsiderable  fraction  of  that  which  it 
receives  from  the  sun. 

An  essential  part  of  Mr.  CrolFs  system  is  the  wind  theory  of 
oceanic  circulation,  essential,  however,  to  his  views  of  the  cli- 
mate of  the  glacial  period  rather  than  to  the  climate  of  the 
present.  This  is  a  point  on  which  there  is  some  difference  be- 
tween Mr.  Croll  and  his  numerous  opponents,  especially  Dr. 
Carpenter.  Having  made  no  examination  of  the  views  of  Dr. 
Carpenter,  we  cannot  pronounce  them  wrong,  but  the  view 
maintained  by  Mr.  Croll,  that  the  winds  are  the  principal 
causes  of  ocean  currents  seems  well  sustained.  The  direction  of 
these  currents  may  be  materially  modified  by  the  earth^s  rota- 
tion, a  cause  which  can  be  investigated  only  by  mathematical 
methods,  and  until  the  mode  of  operation  of  this  cause  is  fully 
understood,  we  cannot  feel  sure  that  the  theory  is  complete. 
So  far  as  we  are  aware  Mr.  Ferrel  is  the  only  mathematician 
who  has  entered  upon  this  investigation,  but  JAi.  Croll  does  not 
seem  to  have  made  much  use  of  his  results.    The  principal 
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support  of  the  wind  theory  is  found  in  the  very  obvious  gene- 
ral correspondenee  between  the  winds  and  currents  of  the 
ocean,  a  correspondence  so  striking  that  it  is  difficult  to  see 
how  the  strongest  presumption  of  a  causal  connection  can  be 
avoided.  That  the  winds  are,  in  a  general  way,  amply  sufficient 
to  produce  regular  currents  in  the  ocean  seems  to  oe  shown  bj 
a  familiar  phenomenon  on  our  Eastern  coast  It  is  well  known 
that  the  tides  are  there  materiallv  modified  by  the  winds,  so 
that  the  time  of  high  water  may  oe  delayed  or  accelerated  by 
an  entire  hour  or  more,  and  the  height  clianged  by  one  or  more 
feet  in  consequence  of  a  heavy  wind.  The  effect  of  a  wind 
thus  determined  must  be  the  same  as  that  of  a  difference  of 
level  equal  to  that  which  the  wind  is  found  to  produce,  and 
this  again  must  be  sufficient  to  produce  a  very  strong  surface 
current.  Moreover,  a  continuous  surface  current  must,  in  time, 
extend  itself  to  a  great  depth  through  friction. 

In  thus  sustaining  the  wind  theory,  we  must  not  be  under- 
stood to  deny  the  existence  of  a  general  law  of  oceanic  circu- 
lation which  we  understand  to  be  due  to  Dr.  Carpenter,  and  by 
which  an  undercurrent  of  cold  water  runs  from  each  pole  to 
the  eauator,  to  return  as  a  surface  current  of  warm  water. 
That  the  mass  of  ice-cold  water  which  forms  the  depths  of  the 
ocean  came  from  the  poles,  and  that  to  keep  it  cold,  the  sup- 
ply must  be  constantly  though  slowly  renewed  will,  we  con- 
ceive, be  disputed  by  no  one.  And  the  renewal  of  the  water 
necessarily  implies  a  surface  set  from  the  equator  towanl  the 
poles.  But,  when  we  inquire  whether  the  quantity  of  water 
thus  interchanged  can  be  so  great  as  to  give  rise  to  the  ob- 
served ocean  currents,  the  answer  is  not  quite  clear,  and  the 
probabilities  seem  to  incline  to  the  negative.  At  the  same 
time,  we  may  liave  here  an  important  feature  among  the 
causes  which  produce  ocean  currents,  and  the  scientific  method 
of  investigating  the  subject  is  not  by  mere  arguments,  but  by 
actual  calculating  the  effect  of  each  cause  with  judicial  impar- 
tiality. Perhaps  it  would  be  unfair  to  say  that  Mr.  Croll  does 
not  attempt  to  do  this,  but  the  impression  left  on  the  mind  of 
the  reader  is  that  the  "  gravitation  theory"  of  oceanic  circula- 
tion is  examined  rather  to  refute  it  than  to  determine  w^ith 
mathematical  precision  what  part  differences  of  gravity  between 
the  polar  and  equatorial  waters  do  really  play  in  the  phenom- 
ena in  question. 

While  we  agree  with  Mr.  Croll  in  the  important  part  he  as- 
signs to  oceanic  currents  in  modifying  climate,  we  cannot  ac- 
cept the  reasoning  by  which  he  attempts  to  prove  that  the  cor- 
responding influence  of  ferial  currents  is  entirely  insignificant 
Speaking  of  the  possible  amount  of  heat  conveyed  by  the  up- 
per currents,  or  anti-trades,  from  the  equatorial  to  the  polar  re- 
gions, he  says : 
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^*'  The  heated  air  rising  off  the  hot  burning  ground  of  the 
equator,  after  ascending  a  few  miles,  becomes  exposed  to  the 
intense  cold  of  the  upper  regions  of  the  atmosphere ;  it  then 
very  soon  loses  all  its  beat  and  returns  from  the  equator  much 
colder  than  it  went  thither."  ♦  ♦  ♦  "  During  all  this  time 
[while  the  upper  current  is  traveling  from  the  equator  toward 
the  poles]  the  air  is  in  a  region  below  the  freezing  point :  and 
it  is  perfectly  obvious  that  by  the  time  it  b^ns  to  descend  it 
must  have  acquired  the  temperature  of  the  region  in  which  it 
has  been  traveling." 

This  passage  is  quoted  as  showing  the  weakness  which  eve- 
rywhere marks  Mr.  Croll's  reasoning  on  the  subject  of  temper- 
ature. With  all  the  care  and  study  he  has  devoted  to  the  sub- 
ject, we  are  entirely  unable  to  reconcile  his  views  with  the 
known  laws  of  heat  The  facts  that  the  same  amount  of  heat 
is  given  off  when  water  freezes  or  vapor  condenses  which  is 
necessary  to  melt  the  ice  or  to  evaporate  the  water ;  that  the 
amount  of  heat  developed  by  the  compression  of  air  is  equal 
to  that  absorbed  by  its  expansion ;  that  if,  from  any  cause, 
heat  passes  very  slowly  from  a  warm  body  A  to  a  cool  body 
B,  it  will  also  pass  slowly  from  B  to  A  when  B  is  the  warmer ; 
that  a  body  cannot  abstract  heat  from  another  without  itself  be- 
coming warmed,  belong  to  a  class  which  he  does  not  seem  to 
bear  in  mind.  In  the  passage  we  have  quoted,  he  speaks  of 
the  hot  air  rising  from  the  earth  and  becoming  exposed  to  the 
intense  cold  of  the  upper  regions  of  the  atmosphere.  But, 
what  can  this  cold  be  but  the  coldness  of  the  very  air  itself 
which  has  been  rising  up?  If  the  warm  air  rises  up  into  the 
cold  air,  and  becomes  cooled  by  contact  with  the  latter,  the  lat- 
ter must  become  warm  by  tne  very  heat  which  the  former 
loses,  and  if  there  is  a  continuous  rising  current,  the  whole  re- 
gion must  take  the  natural  temperature  of  the  rising  air.  This 
temperature  is  indeed  much  below  that  which  maintains  at 
the  surface,  for  the  simple  reason  that  air  becomes  cold  by  ex- 
pansion according  to  a  aefinite  and  well  known  law. 

Having  thus  got  his  rising  current  constantly  cooled  off  by 
contact  with  the  cold  air  of  the  upper  regions,  it  has  to 
pass  on  its  journey  toward  the  poles  "  in  a  region  below  the 
freezing  point"  Here  again  the  question  arises  whether  Mr. 
Croll  conceives  that  the  temperature  of  a  region  can  be  any- 
thing materially  different  from  the  temperature  of  the  air  or 
other  substance  which  fills  the  region.  Apparently  he  does, 
for  he  speaks  of  the  air  '*  acquiring  the  temperature  of  the 
region,"  but  what  the  difference  is,  or  can  be,  he  does  not  ex- 
plain. There  is  such  a  thing  as  temperature  expressive  of  the 
amount  of  radiant  heat  passing  through  a  diathermanous  region, 
but  the  "  upper  regions  '  are  exposed  to  the  radiation  of  the  sun 
on  the  one  side,  ana  of  the  earth's  lower  atmosphere  on  the  other, 


268  &  NeuKomb—OroWs  Climate  and  Time. 

and  there  is  no  proof  that  these  do  not  equal  the  surface  tern- 

Eerature.  Having  thus  cooled  off  his  upper  current  still  fiuther 
y  its  passage  through  this  "  cold  region,'*  and  that  without  the 
regioD  becoming  any  warmer,  he  leaves  it  to  find  its  way  to  the 
eartVs  surface,  entirely  oblivious  of  the  fact  that  an  amount  of 
heat  will  be  evolved  by  compression  in  the  polar  r^ons,  or 
whereever  the  current  reaches  the  earth  agam,  fully  equal  to 
that  which  it  lost  when  it  rose  from  the  equator.  If  he  had 
treated  this  aerial  current  precisely  as  he  did  the  Gulf  Stream, 
computed  the  probable  amount  of  the  current,  its  teraperatore 
when  it  rose  Irom  the  earth  in  the  tropias,  and  again  when  it 
reached  the  earth  in  northern  regions,  and  thus  determined  the 
amount  of  heat  given  out  during  its  passage,  his  course  would 
have  been  much  more  logical. 

We  do  not  propose  to  enter  into  the  question  of  fact,  how 
much  of  an  upper  current  there  really  is  passing  from  the  tropics 
to  the  poles.  But,  if  it  is  as  great  as  is  commonly  supposed,  it 
muHt  be  as  powerful  as  ocean  currents  in  tending  to  equalize 
the  temperature  of  the  globe.  The  fact  that  it  is  cold  during 
its  passage,  instead  of  being  a  disadvantage,  is  a  {positive 
advantage,  because  the  heat  which  it  carries  being  latent  in  form 
is  not  liable  to  be  dissipated  by  radiation. 

Another  proposition  which  the  author  attempts  to  prove,  by 
reasoning  woicn  seems  equally  inconclusive,  is,  that  the  mean 
temperature  of  the  ocean  is  greater  than  that  of  the  land  over 
the  entire  globe.  We  may  examine  his  argument,  for  the 
reason  that  the  proposition  is  a  fundamental  one  in  his  theories 
of  climate.  Tlie  most  natural  and  conclusive  way  of  establish- 
ing such  a  proposition,  would  be  by  actual  observations  of 
temperature,  but  no  attempt  to  do  this  is  mada  The  author 
rests  his  doctrine  wholly  on  four  a  priori  reasons,  which  we  may 
consider  in  their  order. 

(1.)  "  The  ground  stores  up  heat  only  by  the  slow  process  of 
conduction,  whereas  water,  by  the  mobility  of  its  particles,  and 
its  transparency  for  heat  rays,  especially  those  f5rom  the  sun, 
becomes  heated  to  a  considerable  aepth  rapidly.  The  quantity 
of  heat  stored  up  in  the  ground  is  thus  comparatively 
small,  while  the  quantity  stored  up  in  the  ocean  is  great 
We  can  hardly  stop  to  criticise  these  sentences,  implying  as  they 
do,  that  the  rapidity  with  which  solar  heat  is  aosorbed  by  a 
body  determines  its  tempemture,  and  also  depends  on  its  dia- 
thermancy, and  that  a  body  which  is  heated  only  by  the  slow 
process  of  conduction  must  be  peimanently  colder  than  one 
into  which  the  radiant  heat  of  the  sun  can  penetrata 

(2.)  "The  air  is  probably  heated  more  rapidly  by  contact 
with  the  ground  than  with  the  ocean  ;  but  on  the  other  hand 
it  is  heated  far  more  rapidly  by  radiation  from  the  ocean  than 
from  the  land.    The  aqueous  vapor  of  the  air  is  to  a  great  ex- 


&  Neweamb—CMtB  (Xmaie  and  Tune.  289 

tent  diatliermaiious  to  radiation  from  the  ground,  while  it 
absorbs  the  rays  from  water  and  thus  becomes  heated."  Ao* 
cording  to  the  usually  received  laws  of  heat,  one  body  can  be 
heated  from  another  only  when  the  latter  is  the  warmer  of  the 
two,  and  the  rapidity  with  which  the  heating  process  goes  on 
depends  on  the  dimrence  of  temperature,  no  matter  whether 
the  heat  passes  by  conduction,  or  by  radiation.  If,  then,  the 
air  is  reaUy  heated  by  contact  with  the  ground  more  rapidly 
than  by  contact  with  the  ocean,  it  can  only  be  because  the 
ground  is  hotter  than  the  ocean,  which  is  directly  contrary  to 
rae  theory  Mr.  CroU  is  maintiuning.  The  statement  that  the 
aqueous  vapor  of  the  air  is  diathermanous  to  radiation  from 
land,  but  not  to  that  fiY)m  water,  is  auite  new  to  us,  and  very 
surprising  ;  but  if  it  be  true,  Mr.  Croll  assigns  directly  contrary 
effects  to  the  same  cause  in  (1)  and  (2).  Seasoning  as  in  (1), 
be  would  have  said  that  the  air  over  the  land,  owing  to  its 
transparency  for  the  heat  rays  from  the  land,  becomes  heated 
to  a  great  height  rapidly,  while  the  air  over  tiiie  ocean,  not 
being  transparent,  can  acquire  heat  from  the  ocean  only  by  the 
slow  process  of  convection. 

(8.)  ^'The  air  radiates  back  a  considerable  portion  of  its  heat, 
and  the  ocean  absorbs  this  radiation  from  the  air  more  readily 
than  the  ground  does."  Here  we  have  the  air  giving  back  to 
the  ocean  the  same  heat  which  it  absorbs  from  it,  and  thus 
heating  it  Apparently,  Mr.  Croll  thinks  that  air  and  ocean 
can  thus  alternately  heat  each  other  up  to  an  indefinite  extent,' 
by  natural  radiation,  without  any  necessity  for  more  than  a 
mere  nest-^g  of  heat  to  start  with  from  any  outside  source. 
(4)  seems  to  oe  little  more  than  a  repetition  of  (2)  in  a  different 
form. 

Another  idea  of  the  author  which  calls  for  explanation  is 
that  solar  heat  absorbed  by  the  atmosphere  is  entirely  lost,  so 
far  as  warming  any  r^on  of  the  globe  is  concerned.  For 
instance,  in  comparing  the  relative  amount  of  heat  received 
from  the  sun  by  the  equatorial  and  the  arctic  r^ons,  he  thinks 
it  a  mistake  not  to  allow  for  the  fact  that  a  greater  percentage 
of  the  heat  is  absorbed  by  the  atmosphere  in  the  polar  r^ons 
than  at  the  equator.  From  the  care  ne  takes  to  subtract  this 
percentage  from  the  amount  of  heat  received  by  the  polar 
regions,  ne  seems  to  think  that  the  heat  thus  absorbed  is  totally 
lost,  and  does  not  warm  the  atmosphere  at  all.  But  a  moment  s 
reflection  must  show  that  as  all  this  absorption  must  occur 
within  three  or  four  miles  of  the  earth's  surface,  and  probably 
half  of  it  within  a  single  mile,  or  two  miles  at  most,  while  the 
arctic  r^ons  are  more  than  2,000  miles  in  diameter,  it  makes 
no  difference  what  portion  of  the  heat  is  absorbed  by  the  atmos- 
phere.   In  the  one  case,  the  atmosphere  is  wanned  directly  by 
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the  absorption  of  heat,  in  the  other,  by  contact  with  the  earth ; 
bat  the  temperature  ojf  the  r^ion  is  substantiallj  the  same  in 
either  case. 

We  may  now  pass  to  the  consideration  of  the  author's  views 
of  the  cause  of  the  Glacial  epoch,  or  of  glacial  epochs  in  general, 
as,  according  to  his  view,  there  must  have  been  several  of  them. 
He  maintains  that  such  a  phenomenon  may  be  fully  accounted 
for  by  the  great  eccentricity  which  the  orbit  of  the  earth  is 
known  to  assume  at  certain  very  long  intervals.  Using  Le 
Verrier^s  formulse  for  the  secular  variation  of  the  planetary 
orbits,  he  has  computed  this  eccentricity  for  a  number  of 
periods,  extending  back  nearly  8,000,000  years,  and  has  thus 
found  a  number  of  epochs  at  which  it  was  three  or  four  times 
as  great  as  at  present  That,  in  the  course  of  each  million  of 
years,  there  are  from  time  to  time  such  periods  of  great  eccen- 
tricity is  a  well  established  result  of  the  mutual  gravitation  of 
the  planets,  but  whether  the  particular  epochs  of  great  and 
small  eccentricity  computed  by  Mr.  CroU  are  reliable  is  a  dif- 
ferent question.  The  data  for  this  computation  are  the  for- 
mulae of  Le  Verrier,  worked  out  about  1845,  without  any 
correction  either  for  the  later  corrections  to  the  masses  of  the 
planets,  or  for  the  terms  of  the  third  order  subsequently  dis- 
cussed by  Le  Verrier  himsell  The  probable  magnitude  of  these 
corrections  is  such  that  reliance  cannot  be  placed  upon  the 
values  of  the  eccentricity  computed  without  reference  to  them 
for  epochs  distant  bjr  nearly  a  million  of  years.  This  fiswt,  of 
itself,  does  not  militate  against  Mr.  Crolls  theory,  since  the 
correct  formulae  would  no  doubt  show  other  epochs  of  great 
eccentricity  which  would  entirely  satisfy  his  conditions.  The 
proposition  with  which  we  are  more  especially  concerned  is  the 
general  one  that  a  great  eccentricity,  with  the  perihelion  in  one 
of  the  solstices,  will  give  rise  to  a  glacial  epxxjh  in  the  hemi- 
sphere corresponding  to  that  solstice,  and  it  is  the  reasoning  by 
which  Mr.  CroU  endeavors  to  sustain  this  proposition  which  we 
next  propose  to  examine. 

The  difficulty  which  the  sustainer  of  this  proposition  en- 
counters at  the  outset  is  the  demonstration  of  D  Alembert  that, 
whatever  changes  the  earth's  eccentricity  and  perihelion  may 
undergo,  the  total  amount  of  heat  received  from  the  sun  in  the 
course  of  a  year  is  still  the  same  for  each  hemisphere.  Conse- 
quently, if  the  mean  temperature  of  the  hemisphere  depends  on 
the  total  amount  of  heat  received,  it  must  be  the  same  for  the 
two  hemispheres,  and  but  slightly  different  from  the  mean 
temperature  of  the  present  time.  To  understand  the  question 
clearly  let  us  suppose  the  perihelion  to  coincide  with  the  June 
solstice,  so  that  tne  earth  is  nearest  the  sun  in  our  northern  sum- 
mer, and  farthest  from  it  in  our  northern  winter.     Then,  in  this 
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hetnispliere,  consideriDg  only  the  heat  of  the  sun,  we  shall  have 
a  short  and  hot  summer,  and  a  long  and  cold  winter,  while  in 
the  southern  hemisphere  the  summer  would  occur  when  the 
sun  was  feirthest  ofi;  and  the  ?rinter  when  he  was  nearest,  so 
that  the  rigor  of  both  seasons  would  be  greatly  mitigated. 
Still,  as  just  stated,  the  mean  temperature  due  to  solar  heat 
would  be  the  same  in  each  hemisphere,  the  northern  hemi- 
sphere having^  the  hotter  summer  as  well  as  the  colder  winter. 

While  admitting  this  equality  in  the  total  amount  of  heat 
received  from  the  sun,  Mr.  CroU  endeavors  to  show  that  the 
northern  hemisphere  would  be  colder  and  that  there  would  be 
an  accumulation  of  snow  and  ice  during  the  long  winter  which 
would  not  be  melted  by  the  sun*s  rays  during  the  short  and 
hot  summer.  His  principal  arguments  in  favor  of  this  view 
are  given  in  Chapters  TI  and  Iv.  Beginnii^  with  the  winter 
he  says  that  the  reduction  in  the  amount  of  heat  received  from 
the  sun  during  this  season,  owing  to  his  greater  distance,  would 
lower  the  mid-winter  temperature  to  an  **  enormous  extent" 
Precisely  how  great  a  diminution  of  temperature  he  considers 
enormous  he  does  not  state  in  this  connection,  but  in  a  subse- 
quent chapter  he  computes  a  diminution  in  the  mid-winter 
temperature  of  Great  Britain  sometimes  amounting  to  more 
than  30^  from  this  cause.  This  computation  we  regard  as  en- 
tirely untrustworthy,  being  founded  on  purely  hypothetical 
laws  with  purely  hypothetical  data,  but  we  need  not  challenge 
the  result  at  present.  The  effect  of  this  lowering  of  the  tem- 
perature would  be,  he  says,  a  great  increase  in  the  amount  of 
snow  which  would  fall  during  the  winter.  This  conclusion  we 
cannot  accept  During  the  long  cold  winter  the  evaporation 
must  be  lessened,  and  hence  the  amount  of  precipitation  also, 
unless  warm  and  moist  air  is  brought  from  the  warmer  regions 
of  the  globe.  In  this  case  the  latent  heat  set  free  by  precipita- 
tion, as  well  as  the  heat  of  the  air  itself,  would  mitigate  the 
winter  temperature.  On  the  whole,  we  may  consider  the 
equivalent  of  twenty  inches  of  solid  ice  to  represent  a  very  lib- 
eral estimate  of  the  probable  average  amount  of  snow  which 
would  accumulate  over  any  very  great  extent  of  surface  during 
any  one  winter. 

Mr.  Croirs  next  point  is  that  the  presence  of  so  much  snow 
would  lower  the  summer  temperature,  and  prevent  to  a  great 
extent  the  melting  of  the  snow.  He  gives  three  reasons  for 
this  extraordinary  proposition.  In  the  first  place  the  air  will 
be  cooled  by  radiation  to  the  snow  more  rapidly  than  it  will  be 
heated  by  the  sun.  Of  the  fact  that  this  cooling  of  the  air 
would  itself  be  necessarily  accompanied  by  a  mating  of  the 
snow  be  shows  no  consciousness.  A  simple  calculation  will 
show  that  a  cooling  of  the  air  by  some  80^  Fahrenheit  would 
melt  the  whole  twenty  inches  of  snow. 
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The  second  reason  is  that  the  rays  which  fall  on  snow  and 
ice  are  to  a  great  extent  reflected  back  into  space,  the  grounds 
of  this  statement  being  apparently  the  transparency  of  the 
atmosphere  to  the  calorific  rays  of  the  sun  on  which  he  bad 
just  been  insisting,  and  which  he  must  have  had  in  mind  as 
explaining  how  the  reflected  rays  can  be  got  back  into  spaca 
How  great  the  reflecting  and  transmitting  power  of  the  snow  and 
ice  must  be,  to  keep  the  snow  unmeltea  all  summer,  may  be 
inferred  from  the  fact  that  during  this  perihelion  summer  the 
amount  of  heat  received  from  the  sun  by  every  part  of  the 
northern  hemisphere  would  suffice  to  melt  from  four  to  six 
inches  of  ice  per  day,  over  its  entire  surface,  that  is,  it  would 
suffice  to  melt  the  whole  probable  accumulation  in  three  or  four 
day&  The  reader  can  easily  make  a  computation  of  the  incred- 
ible reflecting  power  of  the  snow  and  of  the  unexampled  trans- 
parency of  the  air  required  to  keep  the  snow  unmelt^  for  three 
or  four  months. 

The  third  cause  of  non-melting  of  the  snow  during  summer 
is  that  snow  and  ice  chill  the  air  and  condense  the  vapor  into 
thick  fogs  which  "would  effectually  prevent  the  sun's  rays 
from  reaching  the  earth,  and  the  snow  m  consequence  would 
remain  unmelted  during  the  entire  summer."  Here  again,  he 
says  nothing  about  the  latent  heat  set  free  by  the  condensatioD, 
nor  does  he  say  where  the  heat  goes  to  whicn  the  air  must  lose 
in  order  to  be  chilled.  The  task  of  arguing  with  a  disputant 
who  in  one  breath  maintains  that  the  transparency  of  the  air 
is  such  that  the  rays  reflected  from  the  snow  pass  freely  into 
space,  and  in  the  next  breath  that  thick  fogs  efiectually  prevent 
the  rays  ever  reaching  the  snow  at  all,  is  not  free  from  embar- 
rassment We  can  accept  calmly  any  and  every  possible  hy- 
pothesis respecting  the  properties  and  nature  of  the  atmosphere 
which  he  chooses  to  propound,  but  must  insist  that  the  conclu- 
sions be  drawn  in  acconiance  with  the  first  principles  of  the 
theory  of  heat  We  might  therefore  show  that  if  the  snow,  air, 
fog,  or  whatever  throws  back  the  rays  of  the  sun  into  space  is 
so  excellent  a  reflector  of  heat,  it  is  a  correspondingly  poor 
radiator,  and  the  same  fog  which  will  not  be  dissipated  by  the 
summer  heat  will  not  be  affected  by  the  winter  s  cold,  and  will 
therefore  serve  as  a  screen  to  prevent  the  radiation  of  heat  from 
the  earth  during  the  winter. 

Perhaps  the  shortest  way  of  meeting  the  case  is  to  refer  to 
the  beet  known  facts  of  our  own  climate.  Every  winter  a 
large  portion  of  the  northern  hemisphere  i?  covered  with  snow 
precisely  as  Mr.  CroU  supposes  was  the  case  during  the  Glacial 
epoch.  According  to  his  theory  this  accumulation  of  snow 
ought  to  offer  a  great  resistance  to  the  melting  power  of  the 
sun's  rays.  How  much  resistance  it  does  offer  everyone  knowa 
What  effect  the  difference  of  astronomical  conditions  during 
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the  epochs  of  great  eocentricitj  might  have  had  may  be 
inferred  from  the  &ct  that,  adopting  Mr.  Groirs  method  of  esti- 
mating solar  temperature,  the  mid-summer  heat  of  the  northern 
hemisphere  due  to  solar  radiation,  was  from  40^  to  50^  higher 
than  it  now  is.  His  layer  of  snow  must  therefore  resist,  not 
merely  our  present  heats,  but  temperatures  ranging  from  100^ 
to  ISO""  Fahrenheit 

The  remainder  of  the  argument  can  be  dealt  with  quite 
briefly,  because  it  is  based  on  the  utterly  &llacious  results  we 
have  just  described.  The  northern  hemisphere  being  cooler 
the  trade  winds  are  thrown  &rther  soutL  The  Oulr  Stream 
beinff  caused,  in  part,  by  the  trade  winds,  is  thrown  into  the 
southern  hemisphere,  and  thus  the  northern  hemisphere  is  de- 
prived of  this  latent  source  of  heat  and  its  temperature  falls  to 
a  point  far  below  the  normal  astronomical  temperature.  Con- 
sidering separately  the  propositions  that  a  cooler  northern  hem- 
isphere would  throw  the  trade  winds  south,  and  that  this  change 
in  the  winds  would  change  the  Gulf  Stream,  they  both  rest  on 
too  slender  a  basis  to  be  worth  consideration.  We  cannot  there- 
fore regard  Mr.  Groll's  theory  of  a  connection  between  the  form 
and  position  of  the  earth's  oroit  and  the  Glacial  epoch  as  having 
any  reasonable  show  of  foundation.  The  working  out  of  such 
complex  theories  is  of  the  less  importance  that  there  is  no 
astronomical  reason  to  believe  that  the  solar  radiation  has  been 
constant  during  a  period  of  a  million  of  years. 

WaahmgUm,  Fdbruaiy  21,  1876. 


Abt.  XXXin. — On  crystals  of  Tourmaline  with  enveloped  Ortho- 
close;  by  Edward  H.  Williams,  Jr. 

[Bead  before  the  Chemical  and  Natural  History  Sodetj  of  Lehigh  UnlTeraity.] 

While  at  Port  Henry,  N.  Y.,  last  July,  visiting  the  newly 
constructed  furnace  at  Cedar  Point,  I  noticed  large  sized  crystals 
of  tourmaline  in  some  heaps  of  quartz  and  feldspar  in  process 
of  shipment  up  the  lake. 

The  feldspar  was  orthoclase,  and  of  two  varieties:  one  white 
and  compact;  the  other  reddish  and  much  weather-stained ;  the 
cleayage  planes,  especially  the  basal,  were  more  or  less  coyered 
with  a  film  of  sesquioxide  of  iron.  The  crystals  of  tourmaline 
in  the  quartz  were  simple  prisms.  Those  in  the  feldspar,  and  in 
the  second  yariety  in  particular,  were  peculiar ;  when  the  feld- 
spathic  matrix  was  fractured  they  readily  separated  from  it, 
and  proved  to  be  mere  shells  of  tourmaline  filled  with  feldspar. 

From  want  of  time  I  was  then  unable  to  yisit  the  locality 
from  which  they  were  taken.     When  again  at  Port  Henry  1 
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found  that  the  minerals  came  from  a  quarry  worked  by  Messrs. 
Roe  and  Witherbee,  five  miles  west  of  the  town,  and  about  1600 
feet  above  the  lake. 

The  tourmaline  which  presented  the  peculiarity  was  mainly 
in  the  reddish  feldspar,  that  in  the  white  variety  being,  as  a 
rule,  solid.  The  tourmaline  occurs  in  long  prisms  with  rarely 
more  than  one  termination.  The  observed  faces  are :  Rhombo- 
hedral,  J,  l(/2),  —  i;  scalenohedral,  —  i*;  prisms,  I,  i-2,  i-}. 
The  common  form  is  shown  in  Fig.  1.  The  crystals  are  com- 
monly distorted,  and  are  frequently  terminated  by  but  a  single 
rhombohedral  plana  Specific  gravity,  8'11.  Fuses  before  the 
blowpipe  easily,  with  intumescence,  to  a  dark  bead. 

In  the  specimens  obtained,  there  seem  to  be  two  varieties  of 
combination  of  the  feldspar  with  the  tourmaline:  in  the  first, 
the  tourmaline  has  imposed  its  form  upon  the  feldspar;  in  the 
second,  each  has  influenced  the  other. 

There  are  two  types  of  the  first  variety. 
Fig.  1  shows  the  tourmaline  with  a  solid 
terminatiou,  and  the  enclosed  feldspar 
pierced  with  small  tourmaline  prisms 
which  descend  from  the  solid  ena  with 
their  vertical  axes  parallel  to  that  of  the 
enclosing  shell.  These  shafts,  as  well  as 
the  shell,  decrease  in  thickness  as  they 
recede  from  the  head.  The  tourmaline 
has  thus  a  pyramidal  cavity  filled  with 
feldspar ;  and  in  one  instance  this  cavity 
is  terminated  by  a  face  of  —1.  The  shell 
is  absent  in  places,  with  the  feldspar 
apparently  crystallized  according  to  the 
prismatic  planes  of  the  tourmaline.  In 
figure  1,  the  dark  and  light  parts  repre- 
sent tourmaline  and  feldspar  respectively  ; 

ic. 


figs,  la,  16,  Ic  are  sections  of  the  same  crystal  (fig.  1)  parallel  to 
the  basal  plane  of  the  tourmaline,  and  taken  at  the  points  indi- 
cated by  the  letters  a,  i,  c ;  they  show  the  gradual  disapj^earance 
downward  of  the  tourmaline. 
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In  the  second  tfpe  tbe  rfaombohedral  faces,  aa  well  as  tboee 
of  the  prism,  are  sheila,  and  the  toann&lma  does  not  seem  to 
decrease  in  thickness  with  its  distance  from  the  termination. 
After  removing  the  shell  from  these  combinations  the  enclosed 
feldspar  has  been  obtained  having  the  form  of  a  distorted  tour- 
maline crystal 

Under  this  second  variety  there  are  cases  in  which  the  tour- 
maline prism  encloses  the  feldspar  and  has  no  terminations. 
The  feldspar  often  replaces  the  tourma-  « 

tine,  aa  is  seen  in  Fig.  2,  where  the  angles 
between  the  prismatic  faces  are  distorted ; 
one  face  is  found  parallel  to  a  cleavage 
plane,  asually  ir\  of  the  orthoclase.  In 
the  figure  the  angles  apy  and  (iay  are 
respectively  45°  and  90° ;  the  toormaline 
prism  is  perpendicular  to  the  basal  plane 
of  the  feldspar;  the  edge  toward  the  eye 
has  been  replaced  by  the  orthoclase,  while  the  tourmaline  oiakes 
a  re-entering  angle  behind  it  at  the  arrow-point;  the  plane  abc 
is  the  cleavage  plane  parallel  to  /  of  the  feldspar.  These  prisms 
are  readily  separated  from  their  feldspathic 
matrix,  and  cleave  parallel  to  ita  baaal  plane ; 
each  section  thus  given  shows  an  uneven 
shell  of  tourmaline  that  in  places  entirely 
disappears.  In  all  the  cases  mentioned  the 
cleavage  of  the  enclosed  feldspar  is  parallel 
to  that  ontside. 

Fig.  3  shows  where  the  tourmaline  has 
been  deposited  on  a  cleavage  face  of  the 
feldspar,  and  covers  about  one  square  inch  ; 
the  vertical  edge  toward  the  observer  is  rounded,  and  presents  no 
measurable  angle;  the  plane  aictf  is  a  cleavage  plane  parallel 
to  i-i  of  the  feldspar.  In  one  instance  the  felds[>ar  inside  the 
tourmaline  encloses  another  shell  of  tourmaline  filled  with  or- 
thoclase. 

The  few  specimens  thus  far  obtained  seem  to  point  to  simul- 
taneous crystallization.  There  ie  no  law  governing  the  relations 
in  position  of  the  two  minerals ;  for,  in  the  same  mass  of  matrix, 
there  are  crystals  of  tourmaline  whose  vertical  axes  make  with 
the  basal  plane  of  the  orthoclase  angles  varying  from  0°  to  90". 
Some  of  these  enclose  the  feldspar  in  prisms  whose  angles  cor- 
respond exactly  with  those  o£  theory,  while  others  are  distorted 
and  are  found  between  the  cleavage  planes  of  the  feldspar.  A 
more  extended  study  of  these  interesting  forme,  afforded  by  a 
greater  number  of  specimens,  may  throw  more  light  on  this 
singular  combination. 
^  Dec  as,  187S. 
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Art.  XXXIY. — The  Qmglomerate  Series  of  West  Virginia ;  by 

William  M.  Fontaine. 

In  the  May  and  June  numbers  of  this  Journal  for  1874,  I 
gave  some  account  of  the  strata  which,  on  New  River,  West 
Virginia,  underlie  the  massive  sandstone  exposed  at  the  Falls 
of  the  Kanawha.  This  account  was  necessarily  imperfect,  since 
at  the  point  examined  the  base  of  the  series  was  not  exposed, 
and  the  exposures  were  very  unfavorable  for  a  detailed  exam- 
ination. 

During  the  past  summer  I  revisited  this  field,  and  made 
further  examinations,  at  poiuts  more  to  the  east,  with  such  suc- 
cess that  I  am  now  able  to  present  a  detailed  section  of  this 
field.  Since  the  white  sandstone  of  the  Falls  is  the  equivalent 
of  what  is  everywhere  called  **  the  Conglomerate  "  of  the  Coal 
Measures,  it  might  to  some  seem  more  fitting  to  call  the  rocks 
in  question  "Sub-conglomerate,"  or  "Lower  CarboniferousL" 
In  West  Virginia,  the  strata  which  occupy  the  interval  between 
the  floor  of  the  productive  coals  and  the  Devonian,  are  so 
greatly  expanded,  and  so  much  diversified,  that  these  terms  are 
not  definite  enough  to  distinguish  them.  Besides,  this  New 
River  system  occupies  precisely  the  horizon  which  is  elsewhere 
commonly  filled  by  conslomentic  sandstone  alone,  lying,  as  it 
does,  between  the  red  shales  of  the  Umbral,  and  the  lower  pro- 
ductive coala  For  these  reasons  I  prefer  to  use  the  name 
"  Conglomerate  Series  "  for  it  For  like  reasons  it  will  be  neces- 
sary to  retain  the  names  **  Vespertine  "  and  **  Umbral,"  of  the 
first  Pennsylvania  Survey,  in  describing  rocks  equivalent  to 
those  bearing  these  titles  in  the  above  named  survey.  A  single 
instance  will  show  this  necessity.  The  system  about  to  be 
described  contains  important  coals.  We  find  also  far  below 
them,  in  the  Vespertine  of  Mon^omery  County,  Virginia, 
near  the  White  Sulphur,  West  Virginia,  and  elsewhere,  well 
developed  coala  To  call  these  Sub-conglomerate  or  Lower 
Carboniferous  coals  would  fail  to  distinguish  them. 

In  my  second  visit  to  this  region  I  made  a  re-examination  of 
the  strata  at  Sewell  Station,  the  point  at  which  most  of  the 
facts  given  in  my  first  paper  were  obtained.  In  this  last  visit  I 
found  the  strata  quite  well  disclosed  in  the  cuttings  of  the 
"  Incline,"  made  since  my  previous  inspection.  I  also  made  a 
careful  and  detailed  examination  of  the  same  strata  at  Quin- 
nimont,  a  point  on  the  Chesapeake  and  Ohio  Railroad,  distant 
bv  railroad  twenty-one  miles  to  the  east  of  Sewell  Station,  but 
about  ten  miles  by  air  line. 

While  the  base  of  the  series  is  not  exposed  at  Sewell  Station, 
yet,  owing  to  the  fact  that  the  westerly  dip  is  more  rapid  than 
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the  fall  of  the  river,  even  the  underlying  Umbral  red  shales  are 
fully  disclosed,  and  the  entire  series  in  question  is  contained  in 
the  lofty  hills  at  Quinnimont,  while  in  their  summits  they  still 
retain  a  small  remnant  of  the  lower  productive  coals,  with  one 
and  sometimes  two  coal  bed& 

While  making  my  examination  at  Quinnimont  I  received 
valuable  aid  from  Mr.  S.  F.  Morris,  C.  E.,  and  I  take  this  oppor- 
tunity to  make  my  acknowledmients  to  him.  Mr.  Morris  had, 
by  levelling,  determined  the  height  of  many  noints,  and  ex- 
amined the  character  of  the  strata  around  Quinnimont,  in 
behalf  of  the  company  owning  the  furnace  and  coal  mine  at 
that  point  The  data  which  he  kindly  put  at  m^  disposal  were 
of  great  assistance  in  checking  my  own  observationa 

During  the  same  summer  I  also  made  an  examination  of  the 
country  to  the  east  of  the  Quinnimont,  especially  that  portion 
in  the  vicinity  of  the  White  Sulphur  Springs,  Greenbrier 
County.  It  will  perhaps  be  well  to  give  here  some  of  the  facts 
thus  obtained,  bearing  on  the  general  geology  of  the  region,  in 
order  more  clearly  to  define  the  relations  of  the  series  to  be 
described  in  this  paper.  In  order  to  do  this  I  will  commence  at 
the  east  and  proceea  west  along  the  line  of  the  Chesapeake  and 
Ohio  Bailroad,  whose  general  course  is  across  the  strike  of  all 
the  strata  underlying  the  rocks  in  question. 

We  may  for  a  clearer  exposition  commence  at  Lewis  Tunnel, 
a  point  six  miles  east  of  the  White  Sulphur.  Here  we  find 
Vespertine  strata  which  run  in  a  narrow  belt  along  the  east  face 
of  the  main  Alleghany  range,  and  contain  the  small  coal  beds, 
and  plant-bearing  shales,  found  near  the  Tunnel.  The  main 
range  and  the  country  westward  for  twelve  miles  is  occupied 
by  highly  disturbed  Devonian  strata,  mainly  Hamilton.  Por- 
tage, and  Chemung,  with  probably  the  Catskill  group.  In  the 
center  of  this  belt  the  Springs  are  situated.  Six  miles  west  of 
the  Springs,  we  find,  on  the  east  side  of  a  small  creek,  highly 
contorted  Devonian  strata,  and  on  the  west  side  within  100 
yards,  the  upper  portion  of  the  Vespertine,  dipping  gently  east- 
ward toward  the  contorted  Devonian.  Just  above  the  Ves- 
Eertine,  in  the  hill  across  this  stream,  the  base  of  the  Umbral  or 
.ewisburg  limestone  may  be  seen.  The  contortions  and  other 
evidences  of  great  disturoance  which  follow  us  from  the  east  up 
to  this  point  now  cease,  and  throughout  the  wide  belt  of 
country  lying  between  this  point  and  the  Ohio  Kiver,  the  strata 
undulate  more  and  more  gently,  until  before  Quinnimont  is 
reached  the  rolls  cease  to  reverse  the  dip,  but  serve  to  keep  the 
strata  longer  at  the  surface  than  they  would  otherwise  remain 
in  that  position. 

This  sudden  change  in  structure  is  not  found  here  alone, 
although  it  seems  to  be  more  marked  here  than  elsewhere.     It 
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may  be  traced  far  to  the  southwest,  and  probably  to  the  north, 
and  is  to  be  explained  by  the  existence  of  a  fault,  apparently 
the  most  westerly  of  the  system  affecting  the  Appalachian 
Region  in  this  quarter.  The  development  of  this  fault  seems 
to  have,  in  a  great  measure,  relieved  the  strata  lying  to  the 
west,  from  the  disturbing  force  which  so  highly  affect^  them 
on  the  east  and  it  is  not  necessary  to  suppose  a  gradual  dying 
away  to  the  westward  of  the  lateral  thrust  from  the  east.  The 
conditions  seem  to  imply  a  certain  amount  of  unconformability 
between  the  Devonian  and  Vespertine,  which  is  not  incompati- 
ble with  other  facts  observed  here. 

Proceeding  westward  along  the  line  of  the  railroad  fn>m  the 
fault,  the  gentle  rise  of  the  Vespertine  to  the  west  brings  into 
view  its  middle  or  coal-bearing  portion,  here  also  containing 
small  coal  seams.  This  is  in  the  vicinity  of  the  bridge  over 
Greenbrier  River,  and  explains  the  presence  near  this  stream, 
of  the  coal  seam  mentioned  by  Prol  Wm.  B.  Rogers  in  his 
reports.  The  Vespertine  as  it  crosses  the  stream  passes  into  a 
low  anticlinal,  which,  west  of  the  river,  finally  brings  down  the 
Umbral  limestone  to  the  level  of  the  railroad.  This  position  it 
maintains  for  a  long  distance,  as  far  as  Great  Bena  Tunnel, 
near  the  mouth  of  the  Hungert's  Creek,  Summers  County,  where 
it  dips  under  the  red  rocks  of  the  Umbral  series,  which  in  this 
distnct  are  greatly  developed.  The  Umbral  series  seems  to  pos- 
sess a  threefold  character,  being  at  bottom  blood-red  shales  and 
sandstones,  in  the  middle,  grayish,  bluish  and  brownish  sand- 
stones and  shales,  mainly  the  former;  and  at  top  brownish 
sandstones,  blood  red  and  varigated  shalea  The  shales  through- 
out the  series  have  the  texture  of  marlites,  and  the  sandstones, 
although  chiefly  argillaceous  are  sometimes  highly  siliceous, 
forming  huge  cliffs  along  the  railroad,  as  seen  near  Richmond 
Falls.  These  three  series,  the  Vespertine,  the  Umbral  limestone, 
and  Umbral  shales  and  sandstone,  thicken  rapidly  in  proceeding 
from  northeast  to  southwest  Prof.  Rogers  measured  them  in 
Greenbrier  Mountain,  Pocahontas  County,  a  point  about  sixty 
miles  northeast  of  Richmond  Falls  on  New  Kiver,  where  the 
Umbral  shales  and  sandstones  are  extensively  exposed.  With 
respect  to  the  limestone  I  have  no  data  for  comparison  but  the 
indications  are  that  on  the  railroad  it  is  thicker  than  the  measure- 
ment given  by  Prof.  Roofers,  viz :  822  feet  For  the  Umbral 
shales  and  sandstones  in  Pocahontas  he  gives  a  thickness  of  1,310 
feet.  My  estimates  along  the  line  of  the  railroad,  which,  however, 
have  not  the  accuracy  of  measurements,  give  for  this  series  a 
probable  thickness  of  1,450  feet  in  the  vicinity  of  Richmond 
Falls,  distributed  as  follows:  1.  Lower  red  shales  and  sand- 
stones, 320  feet;  2.  Middle  gray  and  greenish  sandstones,  820 
feet;  3.  Upper  red  and  variegated  shales,  310  feet    If  we  com- 
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pare  this  series  with  the  character  of  the  Umbral  in  the  vicinity 
of  Blossburg,  as  given  by  H.  D.  Rogers,  we  find  an  almost 
identical  distribution  of  similar  strata.  The  upper  portion  of 
the  Umbral  continues  to  be  shown  up  to  a  short  distance  west 
of  Quinnimont,  where  the  prevailing  westerly  dip  takes  it  out 
of  sight  These  upper  strata  form  the  base  of  the  hills  around 
Quinnimont,  contrasting  strongly  in  all  their  physical  features 
with  the  overlying  conglomerate  series.  This  latter,  whose 
entire  thickness  lies  above  the  level  of  the  river  at  this  point, 
gradually  sinks  as  we  pass  west,  down  stream,  being  kept 
above  water  level  for  a  long  distance  by  several  broad  rolls.  It 
finally  passes  out  of  sight  two  or  three  miles  below  Kanawha 
Falls,  and  is  succeeded^  the  series  of  the  Lower  Productive 
coals  in  the  Kanawha  Region.  In  this  latter  series  there  is  a 
four- feet  bed  of  coal,  about  forty  feet  above  the  massive  sand- 
stone which  closes  the  conglomerate  seriea  This  is  the  equiv- 
alent of  coal  B  of  Lesley.  This  bed  still  remains  uneroded  in 
the  tops  of  some  of  the  high  hills  around  Quinnimont. 

About  two  miles  down  the  river,  on  the  Raleigh  County 
side,  Piney  river  empties  into  New  River.  A  well  graded  roaa 
from  the  mouth  of  this  stream,  passes  over  the  outcropping 
edges  of  the  entire  conglomerate  series,  and  the  numerous 
cuttings  made  in  grading  afford  excellent  exposures  of  almost 
every  member  of  the  series  throughout  its  entire  thickness.  My 
section  was  made  along  this  road.  It  was  verified  by  a  second 
section  taken  at  Quinnimont  by  another  road,  which  also 
pa&sed  over  the  entire  series.  These  two  sections  were  com- 
pared with  observations  made  at  Sewell  Station,  and  with 
measurements  made  by  Mr.  Morris.  The  data  in  the  cases  in 
the  section,  marked  as  not  seen,  are  given  on  the  authority  of  this 
gentleman.     The  dip  is  northwest  about  fifty  feet  to  the  mile. 

Section  from  the  mouth  of  Piney  Hiver,  Raleigh  County. 

21.  Upper  conglomerate,  150-200  feet. 

20.  Black  slate,  with  thin  coal  partings,  coal  not  seen,  10  feet. 

19.  Olive  gray  sandstones  and  shales,  100  feet. 

18.  Dark  blue  slates  and  sandstones,  80  feet. 

17.  Quinnimont  coal  seam,  or  coal  No.  9,  consisting  of  semi-bitu- 
minous coal,  4  feet ;  fire  clay,  2^  feet ;  and  at  bottom,  splint 
coal,  14  inches,  =8  feet. 

16.  A  thick  mass  of  rocks  not  fully  exposed,  which  maybe  divided 
as  follows:  16  6,  olive  gray  shaly  sandstones,  40  feet ;  16  d^ 
coal  8,  not  seen,  given  as  20  inches  thick ;  16  c,  bluish 
sandy  shales,  60  feet;  10  J,  coal  7,  not  seen,  given  as  2  feet 
thick;  16a,  gray  sandstone,  50  feet.     Total,  154  feet. 

15.  Fire  clay  and  a  12-inch  outcrop  of  coal,  seen  imperfectly  ex- 
posed, given  as  2-4^  feet  of  imperfect  splint  coal,  coal 
No.  6,  =2-4i  feet. 
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14.  Coal  BYBtem ;  at  bottom  interatratificatioDB  of  coal  and  slate, 
witn  one  seam  one  foot  thick ;  (coal  No.  5),  and  on  top, 
flags  passing  into  firm  sandstones.    Good  plant  impressions 
occur  here.    Thickness,  80  feet. 
18.  Olive  marlites,  40  feet. 
12.  Massive  firm  gray  sandstones,  50  feet. 
11.  Goal  No.  4,  not  mUy  exposed,  given  as  2^  feet  thick. 
10.  Firm  gray  flags  and  sandstones,  90  feet 
9.  Coal  system,  coal  No.  3 ;  at  bottom  interstratifications  of  thin 
coals  and  strata ;  on  top,  shales,  flags  and  sandstones,  80 
feet. 
8.  Gray  sandstones,  75  feet. 
7.  Ferruginous  limestone,  2  feet. 
6.  Variegated  marlites,  40  feet. 
5.  Bright  red  shales  and  marlites,  30  feet. 

4.  Cost!  system,  coal  No.  2,  consisting  of  coal  8  inches,  slate  2| 
feet,  coal  8  inches,  sandstone  8  feet,  and  at  bottom  coal  and 
slate  1  foot;  total  ^13  feet. 
3.  Olive  and  reddish  sandstones,  passing  below  into  olive  marl- 
ites, 100  feet. 
2.  Black  slate,  not  seen,  said  to  contain  18  inches  of  coal,  (coal 
No.  1),  given  as  11  feet  thick. 

1.  Lower  conglomerate,  80  feet.     Total  =zl,197  feet. 

Under  the  lower  conglomerate  is  found  a  transition  series,  of 
which  the  following  is  a  section  determined  mainly  at  Quinni- 
mont,  where  the  strata  are  more  fully  exposed. 

Transition  Series  cU  Quinnimont. 

2.  Black  fissile  slates  and  shales,  20  feet. 

1.  Thinly   laminated    gray  flags    and    calcareous   shales,  with 

drifted  leaves  of  Lepidodendra  near  the  base ;  and  near  the 
top  having  numerous  impressions  of  marine  shells,  while  at 
the  top  it  passes  into  carbonaceous  shales  with  strings  of 
coal,  leaves  of  Lepidodendra  and  other  impressions  too 
much  obscured  for  determination,  50  feet.     Total  =70. 

To  complete  the  section  of  the  strata  exposed  in  the  viciuity 
of  Quinnimont,  I  give  below  a  section  of  so  much  of  the 
Umbral  series  as  is  to  be  seen  there. 

Section  of  the  UmbrcU  Series  at  Quinnimont, 

3.  Variegated  marlites  with  some  nodular  limestone,  70  feet. 

2.  Gray  calcareous  sandstone,  20  feet. 

1.  Bright  red  shales,  seen  50  feet.     Total  =140  feet. 

Some  of  the  above  mentioned  strata  merit  a  more  particular 
description,  which  I  will  now  give. 

I  make  in  this  place  no  further  mention  of  the  remnant  of 
the  Lower  Productive  coals  found  in  this  vicinity,  but  refer  to 
my  former  paper,   where  some  account  was  given   of  their 
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aracter  as  found  in  the  Kanawha  Valley.  It  is  not  known 
•w  much  farther  east  they  extend,  but  it  cannot  be  to  any 
nsiderable  distance.  No.  21  of  the  conglomerate  series  is  the 
ly  persistent  member.  As  it  is  found  everywhere  throughout 
e  Appalachian  C!oal  Field,  being  in  many  places  the  sole  repre- 
Qtative  of  the  series,  and  as  it  is  always  at  a  uniform  distance 
low  the  lowest  workable  coal-seam  of  the  Lower  Productive 
al  it  would  seem  to  been  titled  to  be  called,  as  it  has  been, 
Che  Conglomerate  of  the  Coal  Measures."  In  Baleigh  County, 
d  along  New  River,  it  is  usually  a  coarse  white  sandstone, 
th  some  conglomeritic  portions  in  its  middle  and  upper  parts. 

its  lower  portions  it  is  more  flaggy  and  argillaceoua     It 

.ries  in  thickness  from  160  to  200  feet    In  the  section  I  have 

my  summation  taken  it  at  the  lower  figure. 

No.  20,  near  Piney  River,  shows  at  its  outcrop  only  black 

ite.     It  has  been  opened  near  Quinnimont,  and  is  said  there 

contain  thin  strings  of  coal.  NoSb  20,  19,  and  18,  have  no 
itures  of  special  interest 

No.  17.  This  is  the  coal-seam  which  is  worked  extensively 
Quinnimont,  where  it  is  coked  and  used  in  the  furnace  at 
at  place.  It  is  the  most  persistent  and  best  developed  seam 
the  series,  being  easily  recognized  everywhere  in  this  r^on 
'  its  peculiar  structure.  From  the  flaggy  sandstones  over  this 
d  at  Sewell  Station  were  obtained  tne  plants  of  Devonian 
pe  mentioned  in  my  former  paper.  At  Quinnimont  I  could 
id  none  of  these,  and  it  is  there  remarkably  free  from  plant- 
tpressions  of  all  kinds.  In  Raleigh  also  it  showed  no  plants, 
t  Sewell  Station,  this  seam  was  at  first  opened  for  the  purpose 
working  it,  but  was  soon  abandoned,  owing  to  an  apparent 
inning  out  which  was  in  fact  caused  by  a  slide. 
No.  16,  on  the  Raleigh  road,  was  not  fully  exposed  owing 

slides,  which  also  obscure  its  outcrop  at  Quinnimont.  fi 
esents  the  subdivisions  founded  on  the  character  of  the  sand- 
jnes  given  in  the  section,  but  the  coal  beds  are  given  on  the 
thority  of  Mr.  Morris,  and  others,  who  claim  to  have  opened 
em.  I  have  no  doubt  of  their  existence,  for  at  Quinnimont 
e  black  slate  accompanying  16  d,  or  Coal  No.  8,  was  seen. 
No.  15  was  only  partially  exposed  at  its  outcrop  on  the 
ileigh  road.  Next  to  the  Quinnimont  seam,  it  appears  to  me 
be  the  most  promising  seam  of  the  field.  The  fire-clay  is  of 
le  texture,  and  sharply  distinct  from  the  coal,  features  not 
ually  seen  in  the  coals  of  this  series. 

No.  14,  ( Coal  5. )  This  presents  in  a  marked  manner  a  fea- 
re  very  common  in  this  field.     The  coal  at  its  base  exists 

the  form  of  numerous  interstratifications  of  coal  in  thin 
rtings,  and  black  carbonaceous  shales ;  the  whole  being  top- 
d  by  strata  which  become  more  and  more  siliceous,  and  firmer 
they  ascend.    There  is  enough  carbon  diffused  through  the 
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base  of  this  mass  to  make  an  important  bed  of  coal,  were  it 
collected  in  one  mass.  The  condition  of  things  here  shown  in- 
dicates that  there  was  no  deficiency  of  vegetable  matter,  but 
that  the  alterations  of  level  were  too  rapid  to  permit  a  great 
accumulation  of  coal  in  one  mass.  The  same  features  to  a 
greater  or  less  extent  are  shown  in  every  coal  bed  of  the  series, 
and  it  is  safe  to  say  that  the  instability  alone  of  the  sur&ce, 
prevented  the  accumulation,  in  this  series,  of  coal  beds  as  thick 
as  those  found  in  the  more  productive  series  which  lies  above 
it     Many  ffood  plant  impressions  occur  here. 

No.  11,  from  its  outcrop,  seems  to  be  a  promising  bed  of  coal. 
Its  thickness  was  not  fully  disclosed.  Mr.  Morris  gives  it  as 
two  and  one-half  feet  thick.  It  shows  at  its  base  Stigmaria  root- 
lets. 

No.  10,  stands  out  in  high  cliffs.  Some  of  the  other  sand- 
stones of  the  series  also  present  firm  perpendicular  outcrops. 

No.  9,  is  well  exposed  on  the  road  m  a  high  cliff:  It  presents 
the  same  features  as  number  fourteen,  even  more  strikingly. 
Numerous  thin  seams  of  coal,  intermixed  with  carbonaceous 
shale,  some  of  them  three  or  four  inches  thick,  form  the  lower 
portion  for  a  space  of  seven  feet  Vegetable  matter  in  the  form 
of  films  of  coal,  and  impregnations  of  the  sandstones  and  shales, 
occur  to  the  height  of  thirty  feet  Only  a  few  Lepidodendron 
leaves  were  found  here. 

No.  8,  is  a  massive  and  siliceous  sandstone,  forming  high 
cliffs,  and  resembling  to  some  extent  No.  21. 

Nos.  6  and  5,  are  interesting  for  the  recurrence  here,  in  the 
middle  of  this  coal-bearing  series,  of  the  same  conditions  which 
prevailed  in  the  formation  of  the  upper  part  of  the  Umbral 
series.  These  two  strata  are  most  stn kingly  like  the  red  and 
variegated  marlites  and  shales,  found  in  that  portion  of  the 
Umbral,  and  might  easily  be  mistaken  for  thenL 

No.  4,  is  well  exposed  on  the  Raleigh  road.  No  plants  were 
found  in  it 

No.  2,  is  not  exposed  anywhere  so  far  as  I  have  seen.  The 
interval  occupied  by  it,  lies  between  the  massive  rock,  No.  1, 
and  the  crumbling  strata  of  No.  3,  which  are  especially  prone 
to  slide  down  over  the  precipitous  cliffs  formed  by  No.  1. 
Hence  at  all  the  places  examined  by  me,  this  portion  was  buried 
under  a  mass  which  had  come  down  from  above.  Its  character 
is  given  on  the  authority  of  Mr.  Morris. 

No.  1.  This  member  of  the  series  I  consider  to  be  the  base 
of  the  conglomerate  series.  It  is  one  of  the  most  prominent 
features  in  the  hills,  standing  out  as  it  does,  not  far  above  their 
bases,  in  immense  precipitous  ledges.  It  forms  the  first  stratum, 
which  indicates  a  decided  change  from  marine  to  terrestrial  con- 
ditions. It  is  much  nearer  a  true  conglomerate  than  No.  21, 
for  many  of  the  layers  contain  pebbles,  a  half  inch  in  diameter. 
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8  usaallj  a  coarse,  opeQ-ffrained,  purely  siliceous  sandstone, 
Qg  in  yery  thick  beds.  Near  the  bottom  it  is  brownish  in 
or,  but  above  it  is  white,  having  many  ferruginous  stains, 
many  parts  of  this  sandstone,  particles  of  carbonaceous 
tter,  m  the  condition  of  charcoal,  are  seen,  produced  from 
fted  fragments  of  trunks  and  limbs  of  trees.  This  condition 
the  v^^table  matter  is  no  doubt  due  to  the  ready  escape  of 
I  bituminous  matter  from  the  porous  sandstona  Sometimes 
$tty  large  angular  fra^ents  of  the  brown  sandstones  of  the 
ibral  are  found  associated  with  these  fragments  of  trees,  and 
some  cases  the  pebbles  of  the  conglomerate  portions  are  of 
testone.  This  rock  is  no  doubt  tne  heavy  sandstone  men- 
ned  by  Professor  Bogers  as  found  some  distance  to  the  east 
this  point,  forming  the  summit  of  Little  Sewell  Mountain. 
Underlying  this  rock  is  found  a  series  of  beds  which  are  evi- 
itly  the  products  of  a  period  of  transition.  They  are  well 
posed  near  Quinnimont,  and  exhibit  some  interesting  features, 
■u  1  of  this  series  is  a  thinly-laminated,  argillaceous,  gray 
idstone  in  its  lower  part,  but  becomes  more  and  more  calca- 
»as  toward  its  upper  portion,  where  numerous  impressions 
shells  are  found,  a  list  of  which  will  be  given  farther  on. 
its  summit,  which  is  not  seen  at  Quinnimont,  but  is  well 
posed  on  the  Raleigh  road,  there  is  a  ^ood  deal  of  vegetable 
tter  mixed  with  the  shale,  and  which  is  the  product  of  plants 
ich  have  grown  on  the  spot  This  is  the  lowest  indication 
an  attempt  at  coal  formation,  seen  in  this  region.  From  the 
lications,  there  is  little  doubt  that  in  some  places  this  horizon 
y  show  a  little  coal.  Professor  Rogers  mentions  that  near 
J  top  of  Little  Sewell,  and  immediately  over  the  red  shales  of 
J  Umbral,  he  saw  a  small  coal-bed.  It  is  no  doubt  the  stra- 
n  now  described.  The  other  strata  given  in  the  sections 
Dve  present  no  points  of  interest 

From  this  account  of  the  coal-bearing  series  in  question  it  will 
seen  that  it  occupies  the  horizon  of  the  so-called  "Coal- 
lasures  Conglomerate,"  and  it  would  seem  to  be  simply  a 
jatly  expanded  portion  of  this  widely  extended  formation, 
ing  between  two  huge  plates  of  massive  sandstone,  either  of 
ich  has  equal  claims  to  the  title  of  conglomerate,  the  name 
ich  I  have  given  it  seems  justified. 

Almost  no  exploration  has  been  made  in  the  country  to  the 
It  of  Quinnimont,  and  hence  the  limits  in  that  direction  of 
s  series  cannot  be  given.  That  it  does  extend  fiirther  east  is 
own.  Since  my  inspection  last  summer,  I  have  been  informed 
it  a  five-foot  bed  of  coal  is  found  near  Hinton,  800  feet  above 
J  level  of  the  river.  Hinton  is  near  the  mouth  of  Greenbrier 
er,  about  fifteen  miles  farther  east  than  Quinnimont,  meas- 
k1  in  an  air-line  across  the  strike  of  the  strata. 
To  the  southeast  and  south,  it  is  found  in  the  counties  of 
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Wise,  Russell,  and  Tazewell,  as  may  be  seen  from  the  accoQDt 
of  these  counties  given  by  Professor  Lesley,  in  his  paper  read 
before  the  Am.  Phil.  Soc.,  April  21,  1871.  Professor  Lesley 
shows  that  under  the  so-called  "Sheep  Rock"  in  Wise  county, 
about  700  feet  of  coal-bearing  rocks  are  disclosed,  with  the  base 
not  shown.  The  "Sheep  Rock"  is  No.  21  of  the  Piney  River 
section.  In  this  space  two  coal  beds  are  to  be  seen ;  one,  a  six- 
foot  bed,  lies  at  the  very  base  of  the  hills,  and  the  other,  a  two- 
foot  bed,  is  a  short  distance  above  it.  A  similar  formation  ex- 
ists in  Russell  and  Tazewell  counties.  These  coals  are  not  to  be 
confounded  with  the  beds  seen  in  Montgomery  county,  for  the 
latter  are  found  in  the  Vespertine  strata,  and  are  of  the  same  age 
with  those  near  the  White  Sulphur  in  Greenbrier  county.  The 
basin,  in  which  these  conglomerate  coals  were  formed,  evidently 
extended  still  farther  east  than  the  counties  described  in  Professor 
Lesley's  paper,  as  the  considerable  development  of  this  series 
in  them  shows.  But  in  the  more  easterly  extension  of  the  field, 
the  number  of  seams  have  diminished,  especially  in  the  upper 
part  On  New  River  in  Raleigh  county  the  most  important 
coals  are  found  within  700  feet  below  the  upper  ledge. 

As  we  proceed  northward,  along  the  eastern  outcrop  of  the 
series,  it  has  been  more  extensively  affected  by  erosion,  and  has 
been  swept  off  from  the  greater  part  of  Monroe  and  Greenbrier 
counties,  these  being  occupied  mainly  by  the  Umbral  shales  and 
limestone.  Professor  Rogers  mentions  finding  at  the  top  of 
Greenbrier  Mountain,  in  the  northeast  part  of  the  county  of  that 
name,  a  massive  sandstone  resembling  the  conglomerate.  This 
is  no  doubt  a  remnant  of  the  series.  North  of  this  point,  in  Rich 
Mountain,  in  Randolph  county,  the  entire  series  is  presented, 
capping  the  mountain,  according  to  Dr.  Stevenson.  But  here  it 
has  undergone  an  important  modification,  from  the  loss  of  the 
shaly  central  portion,  and  the  almost  entire  disappearance  of  the 

coals. 

[To  be  continued.] 


Art.  XXXV. — Results  of  Experiments  on  tlie  Set  of  bars  of 
Wood^  Iron^  and  Steely  after  a  Transverse  Stress ;  by  Wm.  A. 
Norton,  Professor  of  Civil  Engineering  in  Yale  College. 

At  intervals,  during  the  last  two  years,  I  have  carried  on  a 
systematic  series  of  experiments,  with  the  view  of  determining 
the  laws  of  the  set  of  materials  resulting  from  a  transverse 
stress  under  varied  circumstances.  The  experiments  were 
made  with  the  testing  machine  which  I  devised  several  years 
since,  for  the  purpose  of  experimenting  on  the  deflection  of 
bars  under  a  transverse  stresa     A  detailed  description  of  this 
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machine  is  given  in  the  Proceedinfp  of  the  American  Aaaocia^ 
tion  for  the  Advancement  of  Science,  Eighteenth  Meeting, 
Aug.,  1889,  (p.  48^  The  depressions  of  the  middle  of  the  bar 
experimented  on, — ^while  under  a  transverse  stress,  or  remain* 
ing  after  the  stress  has  been  withdrawn — are  measured  by  it 
to  within  ryl,  ^  of  an  inch.  The  experiments  on  set  have  been 
fully  discussed  in  two  papers  read  oefbre  the  National  A(»d- 
emy  of  Sciences,  Washington,  (April,  1874  and  April,  1876)l 
The  first  paper  set  forth  the  results  of  the  experiments  on  bars 
of  wood,  and  contained  a  detailed  account  of^  the  course  of  ex- 
periments  instituted  for  the  purpose  of  detecting  instrumental 
errors,  and  of  the  precautions  taken  to  reduce  the  incidental 
errors,  fix)m  variations  of  temperature  and  other  causes,  to  a 
minimum.  The  second  paper  discussed  the  experiments  on  the 
set  of  bars  of  wrought  iron  and  steel ;  which  gave  results  gen* 
erally  similar,  under  corresponding  circumstances,  to  those  ol> 
tained  with  wood.    I  propose,  in  the  present  communication,  to 

g've  a  succinct  statement  of  the  general  conclusions  that  follow 
3m  the  whole  discussion. 

The  experimental  investigation  was  prosecuted  under  three 
general  heads : 

L  Sets  from  momentary  strains. 

IL  Sets  firom  prolongea  strains. 

HL  Duration  of  set ;  and  variation  of  set  vrith  interval  of 
time  elapsed  after  the  withdrawal  of  the  stresa 

Each  of  these  embraced  several  special  topics  of  inquiry. 
The  bars  used  in  most  of  the  experiments  consisted  of  one  of 
white  pine,  3  in.  by  3  in  and  4  ft.  long ;  another  of  wrought 
iron,  1  iiL  wide,  1  iiL  deep,  and  4  ft  long ;  and  a  third  of  steel 
of  the  same  dimensiona  The  discussion  of  the  entire  series  of 
experiments  has  brought  out  the  following  results,  as  alike 
applicable  to  bars  of  wrought  iron,  steel,  ana  white  pina 

1.  The  immediate  set, — that  is,  the  residual  deflection  which 
obtains  immediately  after  the  transverse  stress  is  withdrawn, — 
increases  in  nearly  the  same  proportion  as  the  stress  applied ; 
until  this  exceeds  a  certain  amount,  beyond  which  the  set  in- 
creases according  to  a  more  rapid  law  than  that  of  propor- 
tionality to  the  strains.  It  is  to  be  understood  here  that  the 
varying  strains  are  applied  at  considerable  intervals  of  tima 

2.  The  immediate  set  augments  with  the  duration  of  the 
stress,  up  to  a  certain  interval  of  time.  In  the  experiments 
with  white  pine,  the  duration  of  strain  which  gave  the  maxi- 
mum immediate  set,  varied,  with  the  strain,  from  ten  minutes 
to  one  hour.  The  immediate  set  resulting  from  a  prolonged 
strain,  was  found  to  be  from  five  to  nine  times  as  great  as  that 
which  succeeded  a  momentary  strain. 

3.  The  residual  depression  below  the  original  line  of  the  bar, 
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is  greater  if  the  stress  is  reached  by  a  series  of  increasing 
weights  than  if  the  full  stress  is  directly  applied. 

4.  When  the  same  strain  is  repeated  on  the  same  bar,  after 
a  short  interval  of  time,  the  set  first  obtained  is  not  augmented, 
unless  the  load  applied  exceeds  a  certain  amount,  varying 
with  the  material  and  dimensions  of  the  bar.  With  loa(£ 
greater  than  this  limit  each  repetition  of  the  load  au^ents 
the  total  set  The  amount  of  the  increase  varies  with  the 
interval  of  time  since  the  previous  application  of  the  load 
and  the  number  of  previous  applications 

5.  The  set,  or  residual  depression  of  the  middle  of  the  bar, 
experiences  marked  variations  as  the  interval  of  time  subse- 
Quent  to  the  removal  of  the  stress  increases.  When  the  imme- 
aiate  set  is  less  than  about  00005  in.  it  passes  off  in  a  few  min- 
utes (10  m.  or  less).  When  it  is  greater  than  this  it  habitually 
varies  as  follows  :  it  invariably  decreases  for  a  short  interval  of 
time,  and  then  ordinarily  increases  for  a  longer  interval,  with 
moderate  fluctuations.  The  period  of  decrease  varies  from 
about  5  m.  to  20  m. ;  and  is  the  longer  in  those  instances  in 
which  the  stress  is  prolonged.  The  subsequent  increased  set, 
or  augmented  depression  oi  the  line  of  the  oar,  may  attain  in 
less  than  an  hour  to  an  amount  even  greater  than  the  set 
observed  immediately  after  the  stress  is  withdrawn.  In  some 
of  the  experiments  the  depression  increased  until  it  came  to  be 
about  double  that  first  ooserved.  The  proportionate  increase 
of  set  is  usually,  however,  much  less  than  tnis.  This  increase 
of  set  is  eventually  succeeded  by  another  decrease.  These  re- 
markable fluctuations  observed  in  the  line  of  the  bar  were  more 
conspicuous  in  the  experiments  with  white  pine,  than  in  those 
with  iron  and  steeL  The  difference  was,  however,  only  in  de- 
gree. Under  similar  conditions  the  general  character  of  the 
fluctuations  was  the  same  whichever  material  was  used.  The 
fluctuations  observed  with  the  bars  of  iron  and  steel,  as  well  as 
with  the  wooden  bar,  far  exceeded  any  errors  to  which  the 
observations  were  liable.  They  were  also  much  too  slow,  and 
too  prolonged,  to  be  regarded  as  simple  vibrations  of  the  bar, 
consequent  on  the  removal  of  the  downward  pressure. 

6.  Abnormal  variations  from  the  general  law  of  variation  of 
the  set  just  noticed,  may  occur  under  especial  circumstances. 
Such  deviations  were  observed  after  the  bar  had  been  subjected 
to  repeated  strains  from  day  to  day.  Under  these  circum- 
stances the  bar  may  be  in  such  an  abnormal  condition  that  the 
set  observed  immediately  after  the  stress  is  withdrawn  may 
pass  off  rapidly,  and  the  line  of  the  bar  may  even  rise  consid- 
erably above  the  position  held  when  the  stress  was  applied — 
though  not  above  its  original  line  some  days  previously,  before 
any  strain  was  applied. 
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7.  When  the  load,  or  stress  at  the  middle  of  the  bar,  exceeds 
a  certain  amount,  the  set  resulting  from  one  or  more  applica- 
tions of  the  load  on  any  one  day  is  not  only  still  discernible 
on  the  following  day,  but  the  actual  result  may  be  that  the 
middle  of  the  bar  may  be  lower  than  at  the  close  of  the 
observations  on  the  previous  day.  Such  effects  were  observed, 
in  the  experiments  with  white  pine,  when  the  load  was  suffi- 
cient to  produce  a  longitudinal  strain  on  the  upper  or  lower 
fibers  of  600  lbs.  per  square  inch ;  and  in  the  experiments  with 
the  steel  bar,  resting  edgewise  on  its  supports,  when  the  strain 
on  the  outer  fibers  amounted  to  1500  lbs.  per  square  inch. 

8.  Repeated  applications  of  the  same  load,  from  day  to  day, 
are  attended  with  an  indefinite  augmentation  of  the  residual 
depression  of  the  middle  of  the  bar,  if  the  load  exceeds  a 
certain  amount  When  a  smaller  load  is  similarly  applied, 
the  set  attains  after  a  few  days  to  a  maximum,  and  subse- 
quently subsides  more  or  less.  The  load  answering  to  the 
critical  point  here  referred  to,  is  obviously  the  maximum 
safe  value  for  a  variable  load  that  can  be  applied,  with  an 
indefinite  number  of  repetitions,  to  the  bar.  in  the  case  of  a 
white  pine  stick  (8  in.  by  8  in.,  and  4  ft  long)  the  experi- 
ments show  it  to  be  less  than  J  the  theoretical  oreaking  load. 
Under  repeated  applications  of  500  lbs.  (or  about  J  the  theo- 
retical breaking  weight)  the  set  steadily  increased  from  day  to 
day — that  is,  the  middle  of  the  stick  became  more  and  more  de- 

t)ressed — during  the  entire  period  (seven  days)  that  the  pro- 
onged  effects  were  noted.  Under  daily  repetitions  of  a  load 
equivalent  to  j\  the  breaking  weight,  the  depression  increased 
for  three  days,  and  after  another  interval  of  three  days  the 
stick  had  recovered  its  original  line.  The  depressions  here  re- 
ferred to  are  those  which  obtained  on  the  morning  of  each  day 
just  before  the  first  application  of  the  stress  on  that  day. 

9.  In  connection  with  the  phenomena  of  set  which  have 
been  signalized,  it  is  important  to  note  that  during  any  interval 
in  which  a  bar  was  kept  under  a  transverse  stress,  the  resulting 
deflection  commonly  experienced  a  continual  variation.  In 
general  the  deflection  increased  as  the  strain  was  prolonged. 
But  the  deflection  of  the  steel  bar  in  some  instances  diminished, 
under  the  prolonged  strain.  This  unusual  result  was  appar- 
ently dependent  on  some  molecular  condition  of  the  bar,  in- 
duced by  previous  strains.  The  comportment  of  the  wrought 
iron  bar,  as  regards  varying  deflection  under  a  continual  strain, 
was  not  particularly  examined. 

It  is  also  noteworthy,  in  this  connection,  that  the  deflection 
resulting  from  any  single  stress  was  found  to  be  more  or  less 
dependent  on  the  previous  strains  to  which  the  bar  had  been 
subjected.     The  wooden  bar,  when  it  had  been  exposed  to  a 
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cross  strain  not  long  before,  was  generally  in  a  condition  to 
suffer  a  greater  deflection  than  it  bad  before  experienced  under 
the  same  load.  The  same  was  true  of  the  steel  bar  durins 
several  successive  days  of  experiments  with  loads  of  4  lb&  and 
6  lbs. ;  but  as  the  result  of  these  repeated  strains  the  bar  came 
eventually  to  be  in  a  condition  in  which  each  renewal  of  the 
stress  gave,  for  the  most  part  a  less  and  less  deflection. 

10.  It  is  apparent  from  the  foregoing  experimental  results, 
that  every  application  of  a  transverse  stress  to  a  bar  must  induce 
some  change  m  its  molecular  condition,  which  continues,  with 
variations  that  may  be  either  progressive  or  fluctuating,  for  a 
greater  or  less  interval  of  time.  The  duration  of  sensible  in- 
fluence varies  with  the  amount  and  duration  of  the  stress.  For 
the  smaller  strains  it  is  but  a  few  minutes ;  for  the  larger  several 
days.  The  prolonged  influence  of  strains  applied  from  day  to 
day  to  a  bar,  was  apparent  from  the  fact  that  the  same  stress 
dia  not  on  different  days  produce  either  the  same  deflection  or 
the  same  set  It  was  strikingly  shown  in  the  experiments  with 
the  steel  bar  by  causing  the  bar,  to  which  loads  had  been  repeat- 
edly applied  tor  several  previous  days,  to  rest  on  its  opposite 
side,  and  comparing  the  deflection  and  set  with  those  obtained 
immediately  before  the  reversal.  It  was  found  that  the  deflec- 
tion produced  by  18J  pounds  was  ^V  greater  than  the  deflection 
produced  by  the  same  weight  just  before  the  reversal ;  and  the 
set  obtained  was  now  many  times  greater  than  before.  The 
deflection  also  now  increasea  with  a  prolongation  of  the  strain, 
whereas  it  before  decreased.  Also  the  set  now  increased  for  a 
considerable  interval  of  time  after  the  withdrawal  of  the  strain, 
whereas  it  before  decreased. 

11.  There  was  no  disceniible  limit  of  elasticity,  revealed  by 
the  experiments,  with  either  wood,  iron,  or  steel.  A  perceptible 
set  obtained,  with  each  material,  immediately  after  the  stress 
was  removed,  however  small  its  amount,  until  the  set  fell  below 
the  lowest  possible  determination  of  which  the  apparatus  was 
capable  (viz:  rffUw  of  an  inch,  as  the  experiments  were  ordina- 
rily conducted.)  To  test  the  question  still  farther,  the  delicacy 
of  the  measuring  apparatus  was  largely  increased,  by  the  adapt- 
ation of  a  device  for  magnifying  the  movements  to  be  observed : 
and  it  was  found  that  the  least  perceptible  immediate  set  was 
still  limited  only  by  the  capability  of  detecting,  with  the  appa- 
ratus, minute  displacements. 

If  we  take  for  the  limit  of  elasticity  the  condition  of  things 
at  which  a  permanent  set  is  obtained,  the  case  is  different.  Thus 
it  was  found  that  the  set  which  subsisted  after  the  pine  stick 
(8  in.  by  3  in.  and  4  ft.  long),  had  been  loaded  at  its  middle 
with  200  pounds  (yV  ^^^  theoretical  breaking  weight),  eventually 
passed  off  entirely.  This  was  the  case  whether  the  stress  was 
momentary  or  prolonged,  and  whether  it  was  applied  bat  once 
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or  repeatedly.  But  with  a  load  of  600  lb&  a  permanent  set  was 
obtained,  as  the  result  of  a  single  application  of  the  stress ;  and 
repetitions  of  the  stress  were  attended  with  a  continual  increase 
in  the  depression  of  the  middle  of  the  bar.  It  may  accordingly 
be  affirmed  that  a  practical  limit  of  elasticity  exists,  but  not  a 
theoretical  one. 

12.  If  a  bar,  on  the  withdrawal  of  a  transverse  stress,  fails  to 
recover  its  original  line  of  position,  or,  technically  speaking,  has 
a  set,  it  is  plain  that  its  int^rant  molecules  have  not  returned 
precisely  to  their  original  positions,  and  that  the  distances  be- 
tween contiguous  mmecules  have  either  increased  or  diminished 
— ^increased  in  the  line  of  the  longitudinal  fibers  that  have 
experienced  a  tensile  strain,  and  decreased  in  the  line  of  those 
which  have  experienced  a  compressive  strain.  Now  we  have 
seen  that,  as  the  result  of  a  series  of  increasing  transverse  stresses, 
the  set  increases  continuously  with  the  stress,  from  the  lowest 
amount  capable  of  detection  with  the  measuring  apparatus  em- 
ployed. We  must  therefore  conclude  that,  after  the  application 
of  a  series  of  increasing  strains,  in  which  the  molecules  are 
relatively  displaced  by  minute  fractions  of  their  intervening 
distances,  they  take  up,  when  the  strain  is  removed,  a  series  (h 
new  positions  of  equilibrium,  differing  by  excessively  minute 
degrees  ftom  those  previously  occupied.  We  may  draw  the  same 
conclusion  from  the  experiments  on  the  set  produced  by  a  series 
of  direct  tensile  and  compressive  stresses,  made  by  Ho^kinson, 
Chevandier  and  Wertheim,  and  other  experimenters.  This 
general  conclusion,  to  which  experiments  on  set,  under  every 
variety  of  strain,  conduct,  leads  to  the  inevitable  inference  that 
the  ^ective  forces  exerted  by  the  molecules  on  one  another  have 
siuffertd  some  change  of  intensity^  in  consequence  of  the  stress  applied 
to  the  bar  under  eacperiment  Viewing  the  resiaual  displacement 
of  the  molecules,  in  their  relative  positions,  as  a  mechanical 

S)roblem,  we  are  constrained  to  rq^rd  the  effective  molecular 
brces,  that  take  effect  at  a  given  distance,  as  having  acquired  a 
different  intensity.  We  have  confirmatory  evidence  of  this 
induced  molecular  condition  of  the  bar  in  the  fact  that  all  the 
diverse  effects,  which  may  ensue  on  subseauent  applications  of 
a  transverse  stress,  are  found  to  he  either  less  or  greater  than 
those  previously  observed  under  similar  conditions. 

18.  The  fluctuations  that  have  been  noticed  as  occurring  in 
the  set  with  the  lapse  of  time,  reveal  the  fact  that  the  chanse 
in  the  intensities  of  the  effective  molecular  forces,  which  results 
from  the  temporary  application  of  the  stress,  is  not  permanent 
but  fluctuating ;  and  may,  according  to  the  amount  of  the  stress 
applied,  rapidly  pass  off,  or,  after  a  partial  collapse,  be  slowly 
recovered  again.  It  should  be  observed,  however,  that  the 
curious  fact  of  the  increase  of  set  which  ordinarily  succeeds  the 
first  sudden  fall,  may  be  in  part  attributable  to  the  gradual 
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propagation  inward  of  the  greater  disturbed  condition  of  the 
molecules  of  the  upper  and  lower  fibers. 

14.  The  general  correspondence  in  the  phenomena  of  set  and 
altered  deflection,  that  obtain  with  different  materials  altogether 
precludes  the  idea  that  the^  may  result,  either  wholly  or  in  a 
considerable  degree,  from  irregular  strains  subsisting  m  certain 
parts  of  the  bar  before  the  stress  is  applied,  and  which  are  more 
or  less  modified  by  the  stress ;  as  some  persons  have  conjec- 
tured. The  change  that  supervenes  must  be  a  general  one,  or 
one  in  which  all  the  molecules  participate,  though  in  diverse 
degrees  according  to  the  amount  of  molecular  displacement 
The  especial  character  of  the  chance,  for  each  indiviaual  mole- 
cule, must  depend  upon  the  kind  of  strain  to  which  the  mole- 
cule is  exposed,  whether  tensile,  compressive,  or  shearing ;  and 
not  on  the  nature  of  the  material  subjected  to  strain. 

15.  If,  as  experiment  has  established,  when  the  distance  be- 
tween two  contiguous  molecules  has  been  forcibly  altered,  the 
molecules,  when  again  left  to  their  mutual  actions,  no  longer 
exert,  at  the  same  distance,  effective  actions  of  the  same 
intensity  as  before,  it  is  apparent  that  the  molecules  in  the  act  of 
displacement  have  experienced  some  change,  either  in  their  dimen- 
sions, or  in  their  internal  mechanical  condition.  This  change 
must  result  from  the  change  that  took  place  in  the  mutual 
action  of  the  molecules  when  they  were  urged  nearer  to  each 
other,  or  separated  to  greater  distances.  It  must  be  experienced 
by  the  ultimate  molecule,  whether  this  be  indentical  with  the 
integrant  molecule  or  not — that  is  whether  we  regard  the  in- 
tegrant molecule  as  a  single  ultimate  molecule,  or  as  a  group  of 
ultimate  molecules.  For  it  is  plain  that  a  group  of  ultimate 
molecules  could  not  undergo  an  internal  change,  that  abides 
after  all  external  actions  have  ceased,  unless  its  constituent 
molecules  have  suffered  a  change,  by  reason  of  which  they  no 
longer  act  upon  one  another  with  the  same  intensities  of  iorce 
as  before. 

It  is  well  known  that  with  Physicists  the  "chemical  atom" 
has  come  to  be  replaced  by  the  "ultimate  molecule."  Of  the 
probable  physical  constitution  of  the  ultimate  molecule  differ- 
ent conceptions  have  been  formed.  To  those  Physicists  who 
regard  it  as  made  up  of  a  limited  number  of  precisely  similar 
atoms,  endued  with  unvarying  forces — of  attraction  at  certain 
distances,  and  repulsion  at  other  distances — ^I  leave  it  to  recon- 
cile this  conception  with  the  legitimate  inference  to  be  drawn 
from  experimental  results,  that  the  ultimate  molecule  is  liable 
to  a  change  of  mechanical  or  physical  condition,  with  every 
slight  displacement  it  may  experience — a  change  which  sub- 
sists after  the  constraining  cause  of  the  displacement  has  ceased 
to  act;  and  may,  under  different  conditions,  either  be  per- 
manent, or  graduidly  subside  with  fluctuations. 
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Art.  XXXVL — On  the  eonetiiuiional  formuke  of  JJrea^  Urie 
Arid  J  and  their  derivatives;  by  Professor  J.  W.  Mallet, 
University  of  Virginia. 

[Oontinued  from  page  194.] 

For  uric  acid  itsel£  G, H^N.O,,  the  di-ureide  of  mesoxalic 
acid,  I  would  propose  the  formula  (No.  1), 

L  IJiio  add  (di-badoX 
H         H 

i     d 

0—0-0 

•  •  ■  •• 

•  •  ■  ■• 

i t 

Noa  2  to  9  show,  for  the  sake  of  comparison,  some  of  the 
numerous  formulsB  which  have  of  late  years  been  given  for 
this  important  substance. 

2.  Uric  add,  Baejer*  and  Eolbe.t       3.  Uric  add,  HOfner.f 

N  N  N  N 

H— N    0  N— H  H— N  N    H  0 

Ui  A     AA 

4.  Uric  add,  Miilder.§  5.  Uric  add,  Ertonmeyer.l 

H       0  H  H 

N 0 N  H    N  OH 

I     I     I     I      I  N— C— N-0— N 

A-d-l  0  i-ci  I        L        i 

I     I       ill       w  c c 0 


u  ^  I 
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*  Ann.  der  Chem.,  cxxril,  235. 
Joum.  fur  prakt  Ohem.,  n,  i,  134. 
Joum.  fur  prakt  Ghem.,  II,  iii,  23. 
Beridit  d.  deutsdL  diem.  G^selladLi  vi,  1237. 
MQndL  Akad.  Ber.,  ii,  276. 
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6.  Uric  add,  Straoker.* 


0  H        H 

^ ^— i-, 
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i       u 

8.  Urio  acid,  Medica8.t 
H  H 


1.  Uric  add,  Qibfa6.t 
H    H    H 

U     d  H 
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9.  Urio  add,  Drechael.§ 


i 


LA-0 


I      i 


While  each  of  these  formulad  possesses  advantages  for  the 
explanation  of  certain  cases  oi  decomposition  and  certain 
derived  products,  an  attentive  study  will  show,  I  think,  that 
all  are  more  or  less  defective  as  to  accounting  in  the  simplest 
way  for  the  well  known  basicity  of  uric  acid  itself,  bringing  it 
into  harmony  with  the  general  structure  of  non -nitrogenous 
organic  acids,  recognizing  a  close  relationship  to  the  3-carbon 
series,  and  preserving  as  far  as  possible  simplicity  and  sym- 
metry in  the  supposed  arrangement  of  the  atoms. 

In  connection  with  the  formula  I  propose  it  may  be  noticed : 
that  it  does  account  for  uric  acid  being  dibasic ;  that  it  derives 
it  as  directly  as  possible  from  a  residue  of  the  3-carbon  mesox- 
alic  acid  ;  that  it  explains  simply  most  of  the  observed  decom- 
positions of  the  acia ;  that  it  perhaps  affords  a  reason,  in  the 
airect  linking  together  of  the  two  urea  residues  as  well  as 
their  attachment  to  the  acid  nucleus,  for  the  comparative 
stability  of  uric  acid ;  and  that  it  also  suggests  a  cause  of  the 
difficulty  of  reproducing  this  substance  artificially,  since  in  the 
attempt  to  form  a  salt  of  urea  with  a  non-nitrogenous  acid  and 
then  remove  water  the  basic  hydroxyl  might  be  eliminated 
and  the  normal  acid  type  destroyed,  whereas  this  type  is  pre- 

*  Lehrb.  d.  org.  Ohem.,  1868,  800.        f  This  Journal,  Not.,  1868,  xlvi,  293. 
X  Aim,  der  Chem.,  oIxzy,  243 ;  where  moat  ol  the  formulffi  above  quoted  are 
reviewed. 
%  Ohem.  OentralbL,  4  Aug.,  1876,  493. 
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served  by  the  different  mode  of  attachment  of  the  urea  residues 
exhibited  in  the  formula  now  put  forward.     The  mode  of  pro- 
duction from  uric  acid  of  allantoine,  alloxan,  paraban,  etc.,  will 
be  seen  by  comparison  of  the  preceding  formulae. 
Probably  uroxanic  acid,  C^HjN^O,,  is  represented  by  No.  1 

1  Ozonic  add  (dibMic). 

H  H 

A  H_N-H  ^ 


1.  Urozanio  add  (dibMlo). 

H   H    H 

A  U 

LU 

II  All 

» 1  » 

H— O-A          A-0— H 

J,     i 

k    i 

A    A    H 

I A 

ii 


while  the  oxonic  acid  of  Strecker  and  Medicos,*  C^H^NjO^, 
produced  under  similar  conditions,  but  showing  by  its  contain- 
ing only  three  atoms  of  nitrogen  that  it  cannot  include  two 
complete  urea  residues  like  those  of  uric  acid,  may  perhaps  have 
the  structure  of  No.  2. 

The  basicity  of  pseudo-uric  acid,  C^H^N^O^,  may  be  ex- 
plained by  assuming  its  two  urea  residues  diflerently  attached, 
and  in  one  of  them  an  atom  of  hydrogen  taking  the  place  of 
hydroxyl — thus : 


2.  Xanthine  (weak  base). 
H 

iJ    H— N— H 

A. A 

N  N 

••  • 

•  •  • 

c— c— 6 

U  A 


1.  Paeado-uric  add  (monobaaic). 

H— N— H 

H  0— O— H 

A     f 

0— 0— c 

H— C 

i 

In  xanthine,  C,H^N^O,,  whose  empirical  formula  differs  from 
that  of  uric  acid  only  by  an  atom  of  oxygen,  we  have  also  two 
dissimilarly  attachecf  residues  of  urea,  but  the  basic  hydroxyl 
disappears  altogether  and  with  it  the  true  acid  character,  while 
like  urea  itself  xanthine  is  capable  of  uniting  with  metallic 
oxides  as  well  as  with  acids. 

•  Ann,  der  Chem.,  dxzr,  330. 
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This  formula  (No.  2)  may  serve  to  explain  the  fact  that 
Strecker's  di-methyl-xanthine  is  isomeric,  not  identical,  with 
theobromine,  C^HjN^O,,  if  we  assume  the  latter  to  be  as  in 
No.  1,  and  caflFeine,  C  ,H,  ^N^O,,  as  in  No.  2, 

1.  Theobromine  (weak  base).  2.  Caffeine  (weak  base). 

H— N—H  H,C— N— CH,  H— N-OH,  H»0— N— CH, 

i ,. d  i ,. I 

A   n    A  A     ii     Jl 


c- 


both  urea  residues  in  each  of  these  formulae  being  similarly 
connected  with  the  acid  nucleus.  The  relation  to  di-methyl- 
paraban  (cholestrophan)  is  obvious. 

We  may  probably  assume  No.  1  as  the  formula  of  cafFeidine, 
C^HjjN^O  (a  stronger  base  than  caflFeine). 

1.  Cafleidine.  2.  Hypoxanthine  (sardne) — (weak  base). 

H~N— OH,      HaC— N— CH,  H 

C h  N      H— N— H 

N  M  U ...0 

b  N    il      N 


H— 6 
I 


i 


H  6  (^-0^ 


Hypoxanthine,  C^H^N^O,  exhibits  the  same  general  character 
with  xanthine,  and  containing  one  atom  less  oxygen  may  be 
represented  as  in  No.  2,  above. 

The  above  formulae  for  hypoxanthine  and  xanthine  accord 
well  with  the  rei)orted  production  by  Strecker  of  the  latter 
from  the  former  by  oxidation,  and  of  a  mixture  of  both  bases 
from  uric  acid  by  reduction  with  sodium  amalgam. 

Passing  to  the  compounds  in  which  two  acid  residues  are 
united  with  each  other  and  at  the  same  time  with  residues  of 
urea,  we  may  formulate  oxalantine,  C^H^N^O,,  as  follows: 

Ozalantine  (neutral). 
H~N— H  H— N— H 

A ^ 

I  \ "°~1.      i 

G— 0  0 0 

U      A     i 
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thus  directly  explaining  the  relation  to  paraban,  and  production 
therefrom  by  coalescence  of  two  molecules  with  elimination  of 
an  atom  of  oxygen  (or  from  a  molecule  each  of  oxaluric  acid 
and  paraban,  with  removal  of  an  atom  of  oxygen  and  a  mole- 
cule of  water). 

The  union  of  hydantoine  with  allanturic  acid,  with  separa- 
tion of  water,  gives  for  allituric  acid,  CgH^N^O^,  the  formula 
No.  1, 

1.  Allituric  add  (monobasic).        2.  Leucoturio  acid  (monobasic). 
H  H 

0     ....0— H  0  A     ....0—     0 

c— ^     c— 9  c— 6    .  c— c 

A A  i h 

^       H— N— H  N     H— N— H 

and  the  like  union  of  paraban  and  allanturic  acid  leads  to  No. 
2  for  leucoturic  acid  of  Schlieper,  C,H,N^Oj.  This  last  for- 
mula explains  the  possibility  at  least  of  a  difference  between 
leucotunc  acid  and  oxalantine,  the  identity  of  which  does  not 
seem  cleai'ly  established. 

In  each  of  the  l&st  two  cases  we  have  one  ureic  residue 
inverted  as  regards  its  mode  of  attachment  to  the  acid  nucleus 
when  the  coalescence  takes  place. 

Two  molecules  of  (dibasic)  barbituric  acid  unite  with  sepa- 
ration of  a  molecule  of  water,  giving  rise  to  di-barbituric  acid, 
CgH^N^O,,  with  unchanged  basicity, 

1.  Di-barbitnric  add  (dibasic).  2.  Hydurilic  add  (dibasic). 

H  H  H  H 

0    H    ....0—    HO  OH     ....0__  0 

i— C— 0     0—0—0 

6      i      N       N     :      0 

L...C     6. 

I    I 

N      N 

while  the  union  of  a  molecule  of  barbituric  acid  and  ^one  of 
dial  uric  acid,  with  inversion  of  the  ureic  residuelof  ^the  latter 
and  elimination  of  a  molecule  of  water,  gives  us  hydurilic  acid, 
C.B.N,0.,(No.  2). 


LU 

c— c-d 

0     i    N 

HU 

^...<j 

<i-H 

A 

A 

k 

k 
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Alloxan  tine,  C.H^N^O,,  may  be  represented  as 

Alloxantine  (neutral). 
H— N— H  H— N— H 

N  ....0—  N 

:  i  I  : 

C— C— 0        C— 0 — 0 

UA    A  U 

clearly  exhibiting  the  analogy  of  this  body  to  oxalantine,  and 
its  production  in  a  similar  way  by  the  coalescence  of  two 
molecules  of  alloxan  with  separation  of  oxygen  (or  a  molecule 
of  alloxan  and  one  of  dialunc  acid  with  the  additional  separa- 
tion of  water).  The  formula  of  Gibbs  for  alloxantine  would 
seem  to  imply  that  it  is  a  monobasic  acid  (or,  according  to  the 
exact  terms  of  his  own  definition,*  tribasic). 

Finally,  it  is  diflBcult  to  suggest  with  confidence  a  formula 
for  the  problematical  substance  murexide,  CgH.N^O,.  If  an 
amide  cuaracter  be  admitted  for  it ;  and  it  does  seem  that  evi- 
dence is  still  wanting  to  conclusively  prove  that  it  is  an  ammo- 
nium salt,  especially  in  view  of  non-production  of  purpuric 
acid  and  the  undoubted  existence  of  isomeric  iso-purpurates 
(and  possibly  other  salts)  which  may  have  led  to  an  undue 
assumption  of  identity  of  type  between  murexide  and  its  metal- 
lic derivatives;  we  may  pernaps  assume  this  substance  to  have 
the  formula  No.  1, 

1.  Murexide  (neutral).  2.  Murexide  (neutral). 

H— N— n  H— N— H      H— N— H  H— N— H 

h -J         A -J 


c— 


H— N— H  H— N— H 

C— C  C— C  — 6 


^N: — 

•  •'•Si  •••• 


i  0    i  i  I)    i  6 — 0 c      6 — 0 — 6 

A   A    A   <!   A    A 

in  which  the  union  of  two  molecules  of  dialuramide  is  effected, 
with  elimination  of  hydrogen,  by  the  linking  together  of  the 
ureic  carbon  atoms.  This  view  of  the  constitution  of  murexide 
(making  it  alloxan  tine-amide)  obviously  affords  a  simple  explan- 
ation of  its  production  from  dialuramide  by  oxidation,  from 
ammonium  dialurate  by  heating,  from  alloxantine  and  alloxan 
by  the  action  of  ammonia,  &a,  and  also  suggests  the  probable 

*  Loc.  dt, — "  CTanyl  may  be  regarded  as  the  addifyiug  term.    Its  quantitjr, 
therefore,  determines  the  basicity  of  the  add.** 
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ease  with  which  isomeric  changes  may  be  brought  about  If 
murexide  be  ammonium  purpurate,  the  formula  might  perhaps 
be  changed  to  the  form  in  No.  2. 

While  the  views  above  stated  as  to  the  structure  of  the 
numerous  and  interesting  compounds  derivable  from  urea  and 
uric  acid  are  liable  to  objection  at  sundry  minor  points,  and  in 
several  instances  other  arrangements  of  the  elements  might  be 
adopted  without  interference  with  the  main  idea,  I  believe 
that  on  the  whole  the  constitutional  formulae  set  forth  in  this 
paper  more  nearly  represent  the  present  state  of  our  knowledge 
of  this  group  than  any  others  wnich  have  been  proposed,  and 
especially  possess  the  advantage  of  better  explainmg  the  chem- 
ical character  or  function  of  the  substances  referred  to,*  while 
at  least  equally  well  exhibiting  the  nature  of  the  changes  by 
which  they  are  produced  from  each  other. 

Univenit^  of  Virginia,  Not.  4,  1876. 


Art.  XXX VIL — On  the  Evidences  of  horizontal  crashing  in  the 
formaiion    of  the    Coast    Range  of  California;    by  Joseph 
LeConte. 

[Bead  before  the  National  Academy  of  Sdencea,  November,  1875.] 

It  will  be  remembered  that  in  a  former  paper  "  On  the 
formation  of  the  greater  inequalities  of  the  eartn^s  surface/*f 
I  sustained  the  view  that  mountain  ranges  are  formed  wholly 
by  a  yielding  of  the  crust  of  the  earth  along  certain  lines  to 
horizontal  pressure ;  not,  however,  a  yieldmg  bv  bending  of 
the  crust  into  a  convex  arch,  filled  and  sustained  by  a  liquid 
beneath,  as  has  been  supposed  by  some ;  but  by  a  crushing  or 
mashing  together  horizontally  of  the  whole  crust,  with  the 
formation  of  close  folds  and  a  thickening  or  swelling  upward 
of  the  squeezed  mass.  I  believe  the  structure  of  all  mountain 
ranges,  in  which  the  stratification  has  not  been  obscured  by 
raetamorphism,  would  demonstrate  this  mode  of  formation. 

I  have  long  thought  that  the  Coast  Range  in  this  vicinity  is 
peculiarly  adapted  to  exhibit  in  its  structure  the  mode  of  its 
formation.  It  is  destitute  of  granite  axes,  and  it  has  been  but 
little,  in  many  places  not  at  all,  changed  by  metamorphism  or 
overlaid  by  igneous  ejections.  A  good  section  ought  to  clearly 
reveal  its  structure  and  its  structure  ought  no  less  clearly  to 
reveal  the  mode  of  its  formation. 

With  this  conviction,  on  the  5th  of  January  last,  in  company 

*  The  formulsB  of  Baejer  (in  common  with  all  those  representing  urea  as  car- 
bamide) seem  to  fail  in  securing  this  advantage,  although  involying  in  part  the 
same  sort  of  view  of  the  ureides  as  that  above  stated. 

t  This  Journal,  III,  vol  iv,  pp.  346  and  460. 
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with  Mr.  W.  Jackson,  a  recent  gradaate  of  the  university,  and 
now  a  special  student  of  mineralogy,  I  set  off  afoot,  and 
walked  very  leisurely  through  the  cut  made  by  the  Central  Pa- 
cific Railroad  from  tne  plains  adjoining  the  Bay  of  San  Fran- 
cisco through  the  mountains  to  the  San  Joaquin  plains,  a  dis- 
tance of  about  thirty  miles,  taking  the  angle  and  direction  of 
the  dip  at  every  available  point  The  following  diagram  is  a 
generalized  section  made  from  these  observations,  showing  the 
structure  of  this  range.  The  section  is  supposed  to  extend 
from  southwest  to  northeast,  i.  a,  at  right  angles  to  the  direc- 
tion of  the  chain,  L.  V.  being  Livermore  Valley  and  J.  P.  San 
Joaquin  Plains. 

1. 


ke: 


The  range  where  crossed  by  the  railroad  is  divided  into  two 
sub-ranges  separated  by  Livermore  Valley.  Both  of  these  sub- 
ranges, it  will  be  seen,  are  composed  wholly  of  crumpled  strata, 
those  of  the  western  sub-range  or  Contra  Costa  hills  being 
crumpled  in  the  most  extraordinary  manner. 

The  strata  throughout  the  railroad  cut  are  entirely  unchanged 
and  ver}^  distinct,  and  their  dip  may  be  taken  with  the  greatest 
ease  and  certainty:  but  unfortunately  they  consist  mostly  of 
thin  bedded  sliales  and  sandstones  destitute  of  fossils,  and  so 
similar  in  appearance  that  identification  of  individual  strata 
would  be  impossible  without  the  most  careful  and  detailed  ex- 
amination. Only  in  one  place  did  I  find  any  fossils,  and  these 
were  easily  identified  as  Miocene  Tertiary.  On  account  of  the 
infinite  number  and  the  sameness  of  the  strata  I  found  it  im- 

Sossible  to  identify,  and  therefore  I  have  not  attempted  in  the 
iagrani  to  trace  the  individual  strata  through  the  successive 
folds.  But  the  general  structure  of  the  range  is,  I  am  sure, 
truly  represented  in  the  section. 

A  glance  at  the  section  shows  that  the  southwestern  sub- 
range or  that  next  the  bay  is  far  the  more  complex.  We  have 
here  at  least  five  anticlinals  with  corresponding  synclinals,  all  in 
a  distance  of  about  six  miles  in  a  straight  line.  The  angles  of 
dip  vary  from  40°  to  90°,  the  average  being  about  65°  to  70°. 
This  would  make  the  actual  length  of  the  folded  strata  two  and 
a  half  to  three  times  the  horizontal  distance  through  the  moun- 
tain. Now  it  is  not  only  impossible  to  conceive  of  the  origin 
of  such  structure  except  by  horizontal  mashing,  but  the  amount 
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of  horizontal  mashing  muBt  have  been  enormous.  Estimating 
in  the  nsoal  way,  i.  e.,  taking  the  present  length  of  the  folded 
strata  as  the  original  length  of  the  strata  when  horizontal,  there 
must  have  been  fifteen  to  eighteen  miles  of  original  sea-bottom 
crushed  into  six  miles,  with  corresponding  upswelling  of  the 
whole  ma8&*  I  say  estimating  in  tne  usiml  way:  for  the  reed 
breadth  of  the  original  sea-bottom  was  probably  considerably 
less,  since  as  I  shall  show  hereafter,  the  strata  themselves  are 
probably  lengthened  in  the  direction  of  the  dip. 

Nor  is  this  particular  section  an  exaggeration  of  the  general 
structure  of  this  range.  On  the  contrary  it  is  far  less  complex 
here  than  elsewhere.  A  glance  at  Whitney's  map  of  Central 
(California  will  show  that  the  range  is  small  and  low  at  this 
part.  This  exceptional  lowness  is  due  primarily  to  the  less 
horizontal  mashing,  and  therefore  less  upewelling^  and  therefore 
Use  complexity  of  folding,  and  therefore  less  metamorphism,  and 
therefore  less  hardness  of  the  rocks,  and  therefore  also  greaUr 
erosion  of  this  part     Whitney  has  nowhere  attempted  to  give  a 

feneral  section  of  this  very  complex  range,  but  in  fig.  1  on  p. 
4  of  voL  1,  of  the  Geological  Survey,  he  gives  a  section  of  a 
small  portion  of  the  Contra  Costa  hills  mrther  north,  which 
shows  much  more  crushing  than  any  portion  of  the  range  cut 
by  the  railroad. 

The  diagram  section  is  supposed  to  be  made  at  right  angles 
to  the  general  trend  of  the  range,  i.  a,  northeast  and  southwest 
The  folds  are  of  course  represented  as  striking  in  the  direction 
of  the  range,  and  dipping  in  the  direction  of  the  section.  This 
is  very  decidedly  the  average  direction  of  the  folds;  but  there 
is  considerable  variation  to  either  side  of  this  average  direction. 
This  shows  that  the  horizontal  or  folding  pressure  came  from 
several  slightly  different  directions,  perhaps  consecutively. 
The  same  is  clearly  shown  in  the  external  features,  also,  of  this 
very  complex  range ;  for  the  sub-ronces  and  ridges  of  which  it 
is  composed  trend  in  many  different  directions. 

But  there  is  another  minuter  structure  which  I  have  observed 
in  some  of  the  strata,  both  of  the  Contra  Costa  and  the  Mt 
Diablo  sub-ranges,  which  demonstrates,  in  the  completest  man- 
ner, the  mashing  together  horizontally  and  the  extension  verti- 
cally, even  of  the  constituent  particles  of  the  stratified  sediments. 

*  In  my  paper  "  On  the  great  Lava  flood  of  the  northwest,"  this  Journal,  III,  yoL 
viif  p.  167  and  seq.,  I  have  stated,  pp.  170  and  180,  that  under  all  drcumHtanoes, 
whether  the  surface  be  uppuahed  by  horizontal  mashing  of  sedhnents  or  upbuiiU  by 
the  ouiaqveering  of  melted  matter,  the  increase  of  height  would  be  the  same, 
being  measured  by  the  amount  of  horizontal  crushing.  Prol  E.  W.  Hilg^ard,  in 
his  paper  "  On  Mallet's  theory  of  vulcanioity,"  Am.  Jour.,  toL  vli,  p.  635,  note  on 
p.  544,  takes  exception  to  this  statement  He  does  not  see  '*  on  what  ground  a 
simple  vpHfUng^  can  be  considered  the  precise  mechanical  equiyalent  of  an  iip- 
ImUding  by  eruption  of  liquid  rock."  I  take  this  occasion  to  say  that  Prof.  U.  has 
entirely  mistaken  the  point  It  is  not  a  question  of  mMhomcaly  but  of  gmmttricau 
equiTalenoe-HDOt  an  equivalenoe  iAforot^  .but  an  equiyalenoe  of  magwiMe, 
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I  have  already  stated  that  the  moantain  mass  lyin^  between 
the  Bay  of  San  Francisco  and  the  San  Joa<juin  plains  is  divided, 
by  the  Amador  and  Livermore  valleys,  into  two  sab-ranges; 
the  Contra  Costa,  overlooking  the  Bay,  and  the  Mt  DiaUo,* 
overlooking  the  plains.  Both  Cretaceous  and  Tertiary  strata 
are  found  in  the  latter,  although  their  distribution  has  not  yet 
been  thoroughly  worked  out ;  but  the  former  consists  wholly 
of  Tertiary,  principally  Miocene.  In  both  these  sab-ranges 
seams  of  lignite  ot  good  quality  have  been  found.  Those 
found  in  the  Cretaceous  of  Mt  Diablo  have  proved  of  great 
value  and  are  extensively  worked;  but  as  yet  nothing  but  very 
thin  unprofitable  seams  have  been  found  in  the  Contra  Costa. 

Several  months  ago  I  was  asked  to  eicamine  the  croppings  of 
some  thin  seams  of  lignite  near  the  town  of  Hayward,  which 
had  been  opened  to  a  depth  of  100  to  160  feet  The  coal-bearing 
strata  dip  nearly  perpendicularly  and  strike  in  the  general 
direction  of  the  range.  The  place  examined  was  on  the 
lowest  foot  hills  of  the  Contra  Costa,  corresponding  in  position 
to  a  in  the  section,  fig.  1. 

While  examining  tne  mode  of  occurrence  of  this  lignite,  my 
attention  was  drawn,  by  the  intelligent  Superintendent  of  this 
mine,  to  certain  slabs  of  shale  in  immediate  contact  with  the 
seam,  which  were  literally  covered  with  small  rounded  flattened 
masses  looking  somewhat  like  flattened  pebbles.  In  fact  he 
supposed  them  to  be  pebbles  or  shingle  which  had  fallen  into 
fissures  between  the  perpendicular  strata.  Examination,  how- 
ever, quickly  convinced  me  that  they  were  not  pebbles  nor 
extraneous  matter  of  any  kind,  but  clay  pellets  or  nodules  in  the 
original  sediment  which  had  been  flattened  by  strong  pressure  in  the 
formation  of  t/te  mountain  range.  Here  then,  I  saw  at  once  a 
means  of  determining  the  amount  of  mashing  to  which  the 
sedimentary  strata  had  been  subjected  in  the  process  of  moun- 
tain-making.    I  immediately  commenced  closer  examination. 

The  nodules  were  all  greatly  flattened  and  nearly  all  greatly 
elongated.  Their  shape  therefore  were  mostly  flattened  ellip- 
soids, though  some  were  flattened  discs*  The  flattened  ellip- 
soids were  nearly  all  set  on  end  between  the  strata,  L  e.,  with 
their  long  diameters  vertical,  though  some  varied  considerably 
from  this  position  to  one  side  or  the  other,  and  a  few  were 
nearly  horizontal.  They  were  found  in  close  contact  with  the 
seam  on  both  sides,  and  some  in  the  seam  itself ;  and  in  such 
numbers  that  they  covered  the  surface  of  the  strata.  When 
small  and  disc-shaped,  or  not  much  elongated,  the  surface  of 
the  over-clay  blackened  by  contact  with  the  coal  presented  a 

*  The  term  Mt.  Diablo  range  is  usuaUj  used  in  a  wider  sense  for  the  whole 
range  on  the  east  side  of  the  Bay,  as  distinguished  from  the  Santa  Cruz  Mountains 
lying  on  the  west  side.  I  use  the  term  here  in  a  narrower  sense  to  distingaiah  t 
submvision  of  this  range. 
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striking  resemblance  to  impressions  of  the  trunks  of  Lepidoden- 
drids.  In  other  cases  when  greatly  elongated  they  looKed  like 
parallel  flattened  root-fibers.  The  material  of  the  nodules  was 
similar  to  that  of  the  containing  clay,  unless  perhaps  a  little 
finer. 

A  few  months  afterward,  March,  1875,  in  company  with  a 
party  of  students  and  graduates  of  the  University,  I  examined 
the  coal  mines  of  Mt  Diablo,  and  there  also  observed,  in  the 
roof  of  the  seam,  flattened  nodules  of  sandstone  often  sur 
rounded  with  a  thin  layer  of  coaly  matter;  but  the  sandstone 
was  coarse  and  the  nodules  were  imperfect  Subsequently  Mr. 
Christy,  an  assistant  in  the  chemical  laboratory,  who  is  now 
engaged  in  an  examination  of  the  coals  of  this  coast,  visited  the 
same  mines  more  extensively  and  brought  me  some  very  fine 
specimens  of  flattened  elongated  nodulea  In  these  also  I  am 
assured  the  long  diameters  were  in  the  direction  of  the  dip. 

Now,  there  cannot  be  the  slightest  doubt  that  these  nodules 
were  once  day  pellets^  of  all  sizes,  from  that  of  swan  shot  to 
that  of  hazel  nuts,  which  existed  in,  and  on  the  surface  of,  the 
original  clay  sediments,  having  been  taken  up  from  finer  de- 
posits rolled  along  by  gentle  currents  and  deposited  along  with 
coarser  material,  precisely  as  we  find  at  the  present  day  ;  and 
further,  that  their  present  shape  is  due  wholly  to  subsequent 
pressure,  precisely  as  in  the  case  of  the  greenish  elliptical 
spots  found  in  cleaved  slates,  and  described  bj  Profl  Tyndall  :* 
and,  therefore,  finally,  that  by  means  of  their  shape  and  posi- 
tion, as  in  the  case  oi  the  greenish  spots,  it  is  quite  possible  to 
determine  the  amount  of  mashing  together  in  one  direction 
and  the  extension  or  upswelling  in  another,  which  the  sedi- 
mentary mass  has  suffered  since  its  deposition. 

I  take  the  case  of  the  Hay  ward  seam  as  the  simplest  because 
the  strata  are  vertical.  Taking  three  equal  rectangular  diam- 
eters of  the  original  unmashed  pellets,  one  in  the  direction  of 
pressure,  i.  e.,  horizontal  and  at  right  angles  to  the  strata  ;  another 
also  horizontal  but  in  the  direction  of  the  strike,  and  the  third 
in  the  direction  of  the  dip  or  vertical,  it  is  evident  that  the 
first  would  be  shortened^  the  third  would  be  elongated^  while  the 
second  would,  on  the  average,  be  unaffected,  since  extension  of 
this  diameter  in  some  places  must  be  compensated  by  shorten- 
ing in  contiguous  places  right  or  left  We  may  assume,  there- 
fore, that  the  elongation  vertically  is  strictly  correlated  with  the 
mashing  or  shortening  horizontally,  and  the  one  is  a  measure 
of  the  other.  Now  I  found  by  careful  measurement  of  a  great 
number  of  these  nodules  that  the  shortest  diameter  bears  to 
the  longest  the  ratios  of  1:3,  1:4,  1:6,  1:9,  and  even  1 :  12 
and  1 :  14.     I  believe  a  fair  average  would  be  about  1  :  6  or 

*  PhU.  Mag.,  xii,  35,  1866. 
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1 : 9.  Now  as  this  ratio  is  the  result  of  both  compression  in  one 
direction  and  extension  in  another,  it  follows  that  either  the 
compression  or  the  extension  would  be  expressed  by  the 
square  roots  of  these  ratioa  Therefore  there  has  been  a 
crushing  together  of  every  2  6  to  3  parts  into  1  and  a  corre- 
sponding extension  in  another  direction  of  every  1  part  into 
2*6  to  8.  But  since  the  short  diameters  were  horizontal  and  the 
long  diameters  vertical,  it  is  evident  that  throughout  the 
whole  squeezed  mass  every  2^  to  8  feet  were  crushed  together 
horizontally  into  one  foot,  and  every  foot  of  vertical  thickness 
was  increased  or  swelled  up  to  two  and  a  half  or  three  feet. 
This  seems  to  have  taken  place  principally  after,  by  folding, 
the  strata  had  taken  a  vertical  position.  Therefore  by  the 
pressure  the  strata  were  thinned  and  extended  vertically.  No 
allowance  has  hitherto  been  made  for  this  change  in  the  esti- 
mates of  the  original  thickness  of  folded  strata. 

There  are  several  thoughts  suggested  by  the  above  which  I 
think  worthy  of  mention. 

1.  The  position  of  the  nodules,  sometimes  on  the  surface  of 
the  coal  seam,  sometimes  half  buried,  and  sometimes  wholly 
buried  in  the  coaly  matter,  clearly  proves  that  at  the  time 
when  the  nodules  were  first  rolled  along  and  deposited  there, 
the  coaly  matter  was  in  the  condition  of  very  sofi  semi-liquid  peat, 

2.  It  is  well  known  that  slaty  cleavage  is  prooucea  by 
powerful  pressure  compressing  the  once  plastic  mass  in  one 
direction  and  extending  it  in  another.  Tne  absence  of  slaty 
cleavage,  under  precisely  these  conditions,  is  evidently  due, 
in  the  case  under  discussion,  to  the  fact  that  the  materials  are 
unsuitable  for  the  development  of  that  structure,  being  far  too 
coarse.  If  cleavage  had  been  produced,  however,  the  planes  of 
cleavage  would  have  been  parallel  to  the  planes  of  stratification ; 
and,  therefore,  the  structure  would  have  been  almost  undis- 
tinguishable  from,  and  liable  to  be  mistaken  for,  a  fine  lamdna- 
tion  structure. 

Now,  in  many  cases  this  parallelism  actually  occura  On  the 
foothills  of  the  Sierra,  especially  about  Snelling,  Homitos  and 
Mariposa,  are  found  fine  clay  slates  beautifully  fissile  with  their 
planes  apparently  perpendicular,  but  in  reality  dipping  at  a  very 
high  angle  to  the  northeast,  i.  e.,  under  the  range.  These  are 
evidently  true  cleaved  slates,  and  the  very  thin  planes  into 
which  they  easily  split  are  true  cleavage-planes  ana  not  lami- 
nation-planes. Yet  I  looked  in  vain  for  any  stripe  or  other 
indication  of  stratification  in  any  other  direction.  Also  Whit- 
ney has  shown  (Geol.  Surv.,  vol.  i,  p.  226),  and  I  have  myself 
observed,  that  these  slates  pass  by  insensible  gradations  into, 
and  are  even  interstratified  with,  coarser  materials,  showing  dis- 
tinct stratification  in  the  same  direction,  L  e.,  underdipping  the 
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■ange  at  high  angle.  There  can  be  no  doubt,  therefore,  that 
lU  the  strata  of  thia  foot-hill  regioD,  including  the  slates, 
inderdip  the  range  at  high  angle.  Evidently,  Uierefore,  the 
ileavage  planes  of  these  slates  are  parallel  to  the  stratifica- 
tion planes  instead  of  cutting  through  them  at  high  angle 
18  is  most  common. 

The  diverse  relation  of  the  cleavage  to  the  stratification 
planes  I  explain  as  follows :  In  a  thick  mass  of  very  fine  sedi- 
iients  mashed  together  horizontally  it  is  evident  that  the  sur- 
face  and  upper  portions  would  first  be  thrown  into  one  or  more 
;]ose  folds  oy  which  the  strata  are  brought  into  a  nearly  per- 
Dendicular  position,  and  then  these  would  be  thinned  and 
extended  vertically  by  the  pressure  as  already  shown  in  the 
previous  portion  of  tais  paper :  but  the  deeper  portions  would 
be  less  and  less  folded,  until,  very  deep,  the  folding  would 
»8se  altogether  and  the  mashing  would  be  by  thickening  only 
»d  not  by  folding.  I  have  rudely  represented  these  facts  in 
the  diagram,  Sg.  2,  in  which  the  parallel,  nearly  vertical  lin^ 
represent  the  cleavage.  In  such  a  mass  of  horizon  tallv  so  ueezed 
8ne  sediments,  therefore,  the  cleav-  2 

ige  of  the  upper  parts  would  be  par-  , 
■uUl  with  the  strata  while  that  of  the  | 
lower  parts  would  be  perpendicular  I 
jr  nearly  so  to  the  strata.  If,  there-  I 
Fore,  the  upper  parts  only  should  be  I 
jxpofied  by  denudation  we  would  | 
lave  an  example  of  cleavage  parallel  j 
x>  the  strata,  and  we  might  be  in  I 
loubt  whether  to  call  the  planes  cleavage-plane-  '-r  \\uy  |-i!n. 
nation-planes ;  but  if  greater  denudation  should  expose  the 
leeper  portions  we  would  have  an  example  of  cleavage-plauea 
sutting  through  the  la  mi  nation- planes  at  a  high  angle  aod 
therefore  very  distinct  fix)m  them. 

8.  It  is  evident  from  the  above  that  in  many  cases  the  thick- 
less  of  the  strata  as  we  now  find  them  may  be  very  differ- 
;nt  from  that  of  the  original  sediments.  In  estimatiug  the 
atter,  therefore,  we  must  make  due  allowance  for  the  great 
^hioning  in  some  cases  and  thickening  in  others  produced 
Dy  pressure. 

4.  In  my  paper  on  the  formation  of  the  great  features  of  the 
jarth  surface,  already  referred  to,  I  have  attributed  mountain 
jtevation  to  horizontnl  crushing.  Pnif.  Dana,*  however,  thinks 
Shat,  although  the  idea  of  plication  is  evidently  included  in  my 
view,  yet  it  ought  to  have  a  latter  place  than  my  words  seem 
to  give  it — for  the  amount  of  elevation  by  plication  is  many 
times  {"ten-fold")  greater  than  by  simple  crushing. 
*  Am.  Joura.,  m,  v,  41S. 
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Perhaps  I  ought  to  have  been  more  explicit  in  my  statement, 
but  it  seemed  to  me  unnecessary,  because  on  the  assumption 
of  a  solid  earth  the  amount  of  elevation  would  be  the  same,  or 
nearly  the  same,  whether,  by  the  horizontal  pressure,  the  strata 
be  thrown  into  closed  folcb  (as  is  most  common  in  mountain 
chains)  or  only  thickened  without  folding.  If  every  two  or 
three  parts  in  horizontal  extent  of  sediments  be  crushed  into 
one  part,  there  must  be  a  corresponding  thickening  of  the  whole 
squeezed  mass,  and,  therefore,  a  corresponding  elevation  of  the 
surface,  whether  the  strata  be  closely  folded  or  only  thickened 
without  folding.  In  reality,  doubtless,  both  occur  in  every 
case ;  close  folding  in  the  upper  parts  and  thickening  without 
folding  in  the  deeper  parts  of  the  same  squeezed  mass.  In  fact 
it  is  impossible  that  the  folding  should  occur  above  without  a 
corresponding  crushing  and  thickening  below. 

Again,  I  am  satisfied  that  Pro£  Dana  greatly  under-esti- 
mates  the  amount  of  elevation  by  simple  mashing  as  compared 
with  folding:  Ist,  because  folding  is  a  superficial  phenomenon 
and  therefore  always  exposed  to  view,  while  crushing  without 
folding  is  deep  seated  and  only  rarely  exposed ;  2d,  because 
folding  is  always  revealed  by  stratification,  while  crushing  is 
only  sonietimes  revealed  by  cleavage,  for  this  structure  is  only 
developed  in  suitable  materials ;  and  3d,  because  even  after 
folding,  extension  upward  may  take  place  by  mashing  to- 
gether of  the  folds,  as  I  have  shown  in  the  early  part  of  this 
paper. 

I  have  spoken  thus  far  of  closed  folds.  In  open  folds  such  as 
occur  on  the  skirts  of  mountain  chains  where  the  horizontal 
crushing  has  not  been  sufficient  to  bring  the  folds  together,  the 
case  might  seem  to  be  different ;  but  even  in  these  there  must 
be  a  mashing  of  the  strata  below  each  anticlinal  and  propor- 
tioned to  its  height,  unless  we  assume  a  hoUow  arch  beneath, 
or  else  such  an  arch  supported  by  a  liquid,  an  assumption 
which  is  expressly  set  aside  in  my  paper. 

Berkeley,  Oct.  11,  1875. 


Art.  XXXVni. — Brief  Contributions  to  Zoology  from  the  Mu- 
seum of  Yale  College,  No.  XXXVII. — Description  of  Manca- 
sellus  brachyurusj  a  new  fresh  water  Isopod ;  by  O.  Harger. 

The  genus  Asellopsis  *  was  proposed  by  the  writer  for  the 
reception  of  Asellus  tenax  Smith,  on  account  of  the  absence  of 
mandibular  palpi.  A  second  species  of  this  interesting  genus 
has  lately  been  collected  by  Mr.  Fred.  Mather,  in  Eockbridge 

*  Thifi  Journal,  in,  yoL  vii,  p.  601,  ISU. 
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3o.,  Virginia.  Since  the  name  Aselhpais  proves  to  have  been 
>reoccapied  I  propose  in  its  place  Maneasettus,^  retaining  if. 
tnax  as  the  typical  species,  while  the  new  species  may  be  called 
It.  brachyurus^  from  the  short  caudal  stylete.  This  species  re- 
lembles  M.  tenax^  described  and  figured  in  the  Beport  of  the 
CTnited  States  Commissioner  of  Iish  and  Fisheries,  Part  II, 
Report  for  1872-8,  p.  669,  plate  I,  fig.  8,  differing  principally 
!rom  it  in  the  following  points :  The  lateral  margins  of  the  nead 
ire  entire ;  the  proximal  segment  of  the  caudal  stylets  is  short, 
Deing  but  little  longer  than  the  third  segment  of  the  antenn» ; 
;he  rami  are  also  short,  the  inner  being  much  stronger  and 
iomewhat  longer  than  the  outer;  in  the  males  the  propodus  of 
;he  first  pair  of  legs  is  armed  with  a  prominent  acute  tooth  on 
die  palmar  margin  near  the  base,  and,  in  the  appendages  of  the 
seventh  s^ment,  the  terminal  portion  of  the  outer  pair  is 
smaller  ana  less  expanded  externally  than  in  M.  ienax^  and  the 
jistal  segment  of  the  internal  ramus  of  the  inner  pair  is  but 
little  swollen  at  the  base,  and  approaches  the  form  seen  in  Asd- 
lus  communis  Say.  The  largest  specimen  measures  16™°>.  in 
len^h  exclusive  of  the  antenn»  and  caudal  stylets.  The  local- 
rty  18  worthy  of  mention  as  being  on  the  Atlantic  side  of  the 
Appalachian  water-shed  while  if.  tenax  is  yet  known  only  from 
the  Lakes. 


Art.  XXXIX. — ProfeMor  TyndaU  on  Oerms.^ 

The  author  refers,  in  an  introduction,  to  an  inqury  on  the  de- 
composition of  vapors  and  the  formation  of  actinic  clouds  by  light, 
whereby  he  was  led  to  experiment  on  the  floating  matter  of  the 
air.  He  refers  to  the  experiments  of  Schwan,  SehrOder  and  Dusch, 
Schr5der  himself,  to  those  of  the  illustrious  French  chemist  Pas- 
teur, to  the  reasoning  of  Lister  and  its  experimental  verification, 
regarding  the  filtering  power  of  the  lungs ;  from  all  of  which  he 
concluded,  six  years  ago,  that  the  power  of  developing  life  by  the 
air,  and  its  power  of  scattering  light,  would  be  found  to  go  hand 
in  hand.  He  thought  the  simple  expedient  of  examining  by  means 
of  a  beam  of  light,  while  the  eye  was  kept  sensitive  by  darkness, 
the  character  of  the  medium  in  which  their  experiments  were  con- 
ducted, could  not  fail  to  be  useful  to  workers  in  this  field.  But 
the  method  has  not  been  much  turned  to  account,  and  this  year 
he  thought  it  worth  while  to  devote  some  time  to  the  more  com- 
plete demonstration  of  its  utility. 

*  From  mancuf,  maimed,  and  Aadhu. 

f  On  the  Optical  Deportment  of  the  Atmosphere  in  reference  to  the  Phenomena 
of  Putrefaction  and  Infection.  Abstract  of  a  paper  read  before  the  Royal  Sode^, 
January  13th,  by  Professor  TyndaU,  F.R.&    From  Nature  of  Jan.  27  and  Feb.  3. 
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He  also  wished  to  free  his  mind,  and  if  possible  the  minds  of 
others,  from  the  uncertainty  and  confusion  which  now  beset  the 
doctrine  of  "  spontaneous  generation.''  Pasteur  has  pronounced 
it  "  a  chimera,"  and  expressed  the  undoubting  conviction  that,  this 
being  so,  it  is  possible  to  remove  parasitic  diseases  from  the  earth. 
To  the  medical  profession,  therefore,  and  through  them  to  human- 
ity at  large,  this  question  is  one  of  the  last  importance.  But  the 
state  of  medical  opinion  regarding  it  is  not  satisfactory.  In  a 
recent  number  of  the  British  Medical  Journal^  and  in  answer  to 
the  question,  '^  in  what  way  is  contagium  generated  and  communis 
cated  ?"  Messrs.  Braidwood  and  Vacher  reply  that,  notwithstand- 
ing ^^  an  almost  incalculable  amount  of  patient  labor,  the  actual 
results  obtained,  especially  as  regards  the  manner  of  generation  of 
contagium,  have  been  most  disappointing.  Observers  are  even 
yet  at  variance  whether  these  nunute  particles,  whose  discovery 
we  have  just  noticed,  and  other  disease  germs,  are  always  pro- 
duced from  like  bodies  previously  existing,  or  whether  they  do 
not,  under  certain  favorable  conditions,  spring  into  existence  de 

With  a  view  to  the  possible  diminution  of  the  uncertainty  thus 
described,  the  author  submits,  without  further  preface  to  the 
Royal  Society,  and  especially  to  those  who  study  the  etiology 
of  disease,  a  description  of  the  mode  of  procedure  rollowed  in  this 
inquiry,  and  the  results  to  which  it  has  led. 

A  number  of  chambers,  or  cases,  were  constructed,  each  with  a 
glass  front,  its  top,  bottom,  back  and  sides  being  of  wood.  At 
the  back  is  a  little  door  which  opens  and  closes  on  hinges,  while 
into  the  sides  are  inserted  two  panes  of  glass,  facing  each  other. 
The  top  is  perforated  in  the  middle  by  a  hole  two  inches  in  diame- 
ter, closed  air-tight  by  a  sheet  of  india-rubber.  This  sheet  is 
pierced  in  the  middle  by  a  pin,  and  through  the  pin-hole  is  passed 
the  shank  of  a  long  pipette  ending  above  m  a  small  funnel.  A  ci^ 
cular  tin  collar  two  inches  in  diameter  and  oile  inch  and  a  half 
high,  surrounds  the  pipette,  the  space  between  both  being  packed 
with  cotton-wool  moistened  by  glycerine.  Thus  the  pipette,  in 
moving  up  and  down,  is  not  only  firmly  clasped  by  the  india- 
rubber,  but  it  also  passes  through  a  stuffing  box  of  sticky  cotton- 
wool. The  width  of  the  aperture  closed  by  the  india-rubber 
secures  the  free  lateral  play  of  the  lower  end  of  the  pipette.  Into 
two  other  smaller  apertures  in  the  top  of  the  case  are  inserted, 
air-tight,  the  open  ends  of  two  narrow  tubes,  intended  to  connect 
the  interior  space  with  the  atmosphere.  The  tubes  are  bent 
several  times  up  and  down,  so  as  to  intercept  and  retain  the  parti- 
cles carried  by  such  feeble  currents  as  changes  of  temperature 
might  cause  to  set  in  between  the  outer  and  the  inner  air. 

The  bottom  of  the  box  is  pierced  with  two  rows,  sometimes 
with  a  single  row  of  apertures,  m  which  are  fixed,  air-tight,  large 
test-tubes,  intended  to  contain  the  liquid  to  be  exposed  to  the 
action  of  the  moteless  air. 

On  Sept.  10  the  first  case  of  this  kind  was  closed.  The  passage 
of  a  concentrated  beam  across  it  through  its  two  side  windows 
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then  showed  the  m  wUhm  H  to  be  laden  with-  floating  matter. 
On  the  13th  it  was  again  examined.  Before  the  beam  entered, 
and  after  it  quitted  the  case,  Its  tnck  was  vivid  in  the  air,  but 
within  the  case  it  vanished.  Three  days  of  qoiet  snffioed  to  oanse 
all  the  floating  matter  to  be  deposited  on  tne  sides  and  bottom, 
where  it  was  retained  by  a  ooatmg  of  glycerine,  with  which  the 
interior  snrlaoe  of  the  case  had  raen  porposely  varnished.  The 
test-tubes  were  then  filled  through  the  pipette,  boiled  for  five 
minutes  in  a  bath  of  brine  or  oil,  and  abandoned  to  the  action  of 
the  moteless  air.  During  ebullition  aqueous  vapor  rose  from  the 
liquid  into  the  chamber,  where  it  was  for  the  most  part  condensed, 
the  uncondensed  portion  escaping,  at  a  low  temperature  tbrougfh 
the  bent  tubes  at  the  top.  Before  the  brine  was  removed  little 
stoppers  of  cotton-wool  were  inserted  in  the  bent  tubes,  lest  the 
entrance  of  the  air  into  the  cooling  chamber  should  at  first  be  for- 
cible enough  to  carry  motes  along  with  it  As  soon,  however,  as 
the  ambient  temperature  was  assumed  by  the  air  widiin  the  case, 
the  cotton-wool  stoppers  were  removed. 

We  have  here  the  oxygen,  nitrogen,  carbonic  add,  ammonia, 
aqueous  vapor,  and  all  the  other  gaseous  matters  which  mingle 
more  or  less  with  the  air  of  a  ^reat  city.  We  have  them,  more> 
over,  ^  untortured**  by  calcination  and  unchanged  even  by  filtra* 
tion  or  manipulation  of  any  kind  The  question  now  before  us  is,- 
can  air  thus  retaining  all'  its  gaseous  mixtures,  but  self-cleansed 
from  mechanically  suspended  matter,  produce  putrefaction  f  To 
this  question  both  the  animal  and  vegetable  worlds  return  a 
decided  negative. 

Among  vegetables,  experiments  have  been  made  with  hay,  tur- 
nips, tea,  co&e,  hops,  repeated  in  various  ways  with  both  acid 
and  alkaline  infusions.  Among  animal  substances  are  to  be  men- 
tioned many  experiments  with  urine ;  while  beef^  mutton,  hare, 
rabbit,  kidnev,  liver,  fowl,  j)hea8antp  grouse,  haddock,  sole,  sal- 
mon, cod,  turbot,  mullet,  herring,  whiting,  eel,  oyster  have  been 
all  subjected  to  experiment. 

The  result  is  that  infusions  of  these  substances  exposed  to  the 
common  air  of  the  Royal  Institution  laboratory,  maintained  at  a 
temperature  of  from  60  to  70^  Fahr.,  all  fell  into  putrefoction  in 
the  course  of  from  two  to  four  days.  No  matter  where  the  infu- 
sions were  placed,  they  were  infallibly  smitten.  The  number  of  the 
tubes  containing  the  infusions  was  multiplied  till  it  reached  six 
hundred,  but  not  one  of  them  escaped  infection. 

On  the  other  hand,  in  no  single  mstance  did  the  air,  which  had 
been  proved  moteless  by  the  searching  beam,  show  itself  to  possess 
the  least  power  of  producing  Bacterial  life  or  the  associated 
phenomena  of  putrefaction.  The  power  of  developing  such  life  in 
atmospheric  air,  and  the  power  of  scattering  light,  are  thus  proved 
to  be  mdissolubly  united. 

The  sole  condition  necessary  to  cause  these  long-dormant  infu- 
sions to  swarm  with  active  life  is  the  access  of  the  floating  matter 
of  the  air.    After  having  remained  for  four  months  as  peUucid  as 
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difltilled  water,  the  opening  of  the  back-door  of  the  protecting 
case,  and  the  consequent  admission  of  the  mote-laden  air,  sufficed  in 
three  days  to  render  the  infusions  putrid  and  full  of  life^ 

That  such  life  arises  from  mechanically  suspended  particles  is 
thus  reduced  to  ocular  demonstration.  Let  us  inquire  a  little 
more  closely  into  the  character  of  the  particles  which  produce  the 
life.  Pour  Eau-de-Cologne  into  water,  a  white  precipitate  renders 
the  liquid  milky.  Or,  imitating  Brdcke,  dissolve  clean  gum  mastic 
in  alcohol,  and  drop  it  into  water,  the  mastic  is  precipitated  and 
milkiness  produced.  If  the  solution  be  very  strong  the  maslie 
separates  in  curds ;  but  by  gradually  diluting  the  alcoholic  solu- 
tion we  finally  reach  a  point  where  the  milkiness  disappears,  the 
liquid  assuming,  by  reflected  light,  a  bright  cerulean  nue.  It  is, 
in  point  of  fact,  the  color  of  the  sky,  and  is  due  to  a  similar  cause, 
namely,  the  scattering  of  light  by  particles,  small  in  comparison 
to  the  size  of  the  waves  of  light. 

When  this  liquid  is  examined  by  the  highest  microscopic  power 
it  seems  as  uniform  as  distilled  water.  The  mastic  particles, 
though  innumerable,  entirely  elude  the  microscope.  At  right 
angles  to  a  luminous  beam  passing  among  the  particles  they  dis- 
charge perfectly  polarised  light.  The  optical  deportment  of  the 
floating  matter  of  the  air  proves  it  to  be  composed,  in  part,  of 
particles  of  this  excessively  minute  character.  When  the  track  of 
a  parallel  beam  in  dustv  air  is  looked  at  horizontally  through  a 
Nicol's  prism,  in  a  direction  perpendicular  to  the  beam,  the  longer 
diagonal  of  the  prism  being  vertical,  a  considerable  portion  of  the 
light  from  the  finer  matter  is  extinguished.  The  coarser  motes, 
on  the  other  hand,  flash  out  with  greater  force,  because  of  the 
increased  darkness  of  the  space  around  them.  It  is  among  the 
finest  ultra-microscopic  particles  that  the  author  shows  the  matter 
potential  as  regards  the  development  of  Bacterial  life  is  to  be 
sought. 

But  though  they  are  beyond  the  reach  of  the  microscope,  the 
existence  of  these  particles,  foreign  to  the  atmosphere  but  floating 
in  it,  is  as  certain  as  if  they  could  be  felt  between  the  fingers,  or 
seen  by  the  naked  eye.  Supposing  them  to  augment  in  magnitude 
until  they  come,  not  only  within  range  of  the  microscope,  but 
within  range  of  the  unaided  senses.  Let  it  be  assumed  that  our 
knowledge  of  them  under  these  circumstances  remains  as  defective 
as  it  is  now — that  we  do  not  know  whether  they  are  germs,  parti- 
cles of  dead  organic  dust,  or  particles  of  mineral  matter.  Suppose 
a  vessel  (say  a  flower-pot)  to  be  at  hand  filled  with  nutritious 
earth,  with  which  we  mix  our  unknown  particles ;  and  that  in 
forty-eight  hours  subsequently  buds  and  blades  of  well-defined 
cresses  and  grasses  appear  above  the  soil.  Suppose  the  experi- 
ment when  repeated  over  and  over  again  to  yield  the  same  un- 
varying result.  What  would  be  our  conclusion  ?  Should  we 
regard  those  living  plants  as  the  products  of  dead  dust  or  mineral 
particles;  or  should  we  regard  them  as  the  offspring  of  living 
seeds  ?    The  reply  is  unavoidable.     We  should  undoubtedly  con- 
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rider  the  eaq>eriment  with  the  flower-pot  as  oleariDg^  up  our  j^re- 
ezisting  ignoruioe;  we  shoiild  regard  me  Uct  of  their  producing 
ereflses  aad  grmaees  M  proof  poritive  that  the  particles  sown  in  the 
earth  of  the  pot  were  the  seeds  of  the  plants  which  have  grown 
from  them,  it  would  he  simply  monstrous  to  conclude  that  they 
had  been  ^spontaneously  generated.** 

This  reasoning  applies  word  for  word  to  the  development  of 
JbfMderia  from  that  noating  matter  which  the  electric  beam  reveals 
in  the  air,  and  in  the  absence  of  which  no  Bacterial  life  has  been 
^nerated.  There  seons  no  flaw  in  this  reasoning ;  and  it  is  so 
rimple  as  to  render  it  unlikely  that  the  notion  of  Bacterial  life 
developed  from  dead  dust  can  ever  gain  currency  among  the 
members  of  a  great  scientific  profesrion. 

A  novel  mode  of  experiment  has  been  here  pursued,  and  it  may 
be  uraed  that  the  conditions  laid  down  by  ouier  investigators  in 
this  field,  which  have  led  to  different  results,  have  not  been  strictly 
attended  to.  To  secure  accuracy  in  relation  to  these  allegea 
results,  the  latest  words  of  a  writer  on  this  question,  who  has 
infiuenced  medical  thought  both  in  this  country  and  in  America, 
are  ijuoted.  "  We  know,**  he  says,  ^^  that  boiled  tnmij)  or  hay« 
infusions  exposed  to  ordinary  air,  exposed  to  filtered  air,  to  cfd- 
cined  air,  or  shut  off  altogether  from  contact  with  air,  are  more 
or  less  prone  to  swarm  with  Saeteria  and  vibriones  in  the  course 
of  from  two  to  six  days.**  Who  the  ^  we"  are  who  possess  this 
knowledge  is  not  stated.  The  author  is  certainly  not  among  the 
number,  though  he  has  sought  anxiously  for  knowledge  of  the 
kind.     He  thus  tests  the  statements  in  succession. 

And  first,  with  regard  to  the  filtered  air.  A  group  of  twelve 
large  test-tubes  were  caused  to  pass  air-tight  through  a  slab  of 
wood.  The  wood  was  coated  with  cement,  in  which,  while  hot, 
a  heated  **  propagating  glass*'  resembling  a  large  bell  jar  was  im- 
bedded. The  air  within  the  jar  was  pumped  out  several  times,  air 
filtered  through  a  plug  of  cotton-wool  being  permitted  to  supply 
its  place.  The  test-tubes  contained  infusions  of  hay,  turnip,  beef, 
and  mutton  —three  of  each — twelve  in  all.  They  are  as  clear  and 
cloudless  at  the  present  moment  as  they  were  upon  the  day  of 
their  introduction;  while  twelve  similar  tubes,  prepared  at  the 
same  time  in  precisely  the  same  way  and  exposed  to  the  ordinary 
air,  are  clogged  with  mycelium,  mould,  and  Bacteria, 

With  regard  to  the  calcined  air,  a  similar  propagating  glass 
was  caused  to  cover  twelve  other  tubes  tilled  with  the  same  infu- 
sions. The  '^  glass"  was  exhausted  and  carefully  tilled  with  air 
which  had  passed  through  a  red-hot  platinum  tube,  containing  a 
roll  of  red-hot  platinum  gauze.  Tested  by  the  searching  beam, 
the  calcined  air  was  found  quite  free  from  floating  matter.  Not 
a  speck  has  invaded  the  limpidity  of  the  infusions  exposed  to  it, 
while  twelve  similar  tubes  placed  outside  have  fallen  into  rotten- 
ness. 

The  experiments  with  calcined  air  took  another  form.  Six 
years  ago  it  was  found  that  to  render  the  laboratory  air  free  from 
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floating  matter,  it  was  only  neoessary  to  permit  a  platinnm  wire 
heated  to  whiteness  to  act  upon  it  for  a  sufficient  time.  Shadei, 
containing  pear  juice,  damson  joioe,  hay  and  turnip-juice,  and 
water  of  yeast,  were  freed  from  their  floating  matter  in  this  way. 
The  infusions  were  subsequently  boiled  and  permitted  to  remau 
in  contact  with  the  calcined  air.  They  are  quite  unchanged  to  the 
present  hour,  while  the  same  infusions  exposed  to  common  air 
Decame  mouldy  and  rotten  along  aeo. 

It  has  been  affirmed  that  tunup  and  hay-infusions  rendered 
slightly  alkaline  are  particularly  prone  to  exhibit  the  phenomena  of 
spontaneous  generation.  This  was  not  found  to  be  the  case  in  the 
present  investigation.  Many  such  infusions  haye  been  prepared, 
and  they  have  continued  for  months  without  sensible  alteration. 

Finally,  with  regard  to  infusions  wholly  withdrawn  from  air, 
a  group  of  test-tubes,  containing  different  infusions,  was  boiled 
under  a  bell-jar  filled  with  filtered  air,  and  from  which  the  air  was 
subsequently  remoyed  as  far  as  possible  by  a  good  air-pump. 
They  are  now  as  pellucid  as  they  were  at  the  time  of  their  prepara- 
tion, more  than  two  months  ago,  while  a  group  of  corresponding 
tubes  exposed  to  the  laboratory  air  have  sdl  i'auen  into  rottenness. 

There  is  still  another  form  of  experiment  on  which  great  weight 
has  been  laid — that  of  hermetically  sealed  tubes.  On  April  6  last, 
a  discussion  on  the  "  Germ  Theory  of  Disease"  was  opened  before 
the  Pathological  Society  of  London.  The  meeting  was  attended 
by  many  distinguished  medical  men,  some  of  whom  were  pro- 
foundly influenced  by  the  arguments,  and  none  of  whom  disputed 
the  facts  brought  forward  against  the  theory  on  that  occasioD. 
The  following  important  summary  of  these  was  then  given:— 
"  With  the  view  of  settling  these  questions,  therefore,  we  may 
carefully  prepare  an  infusion  from  some  animal  tissue,  be  it  muscle, 
kidney,  or  liver ;  we  may  place  it  in  a  fiask  whose  neck  is  drawn 
out  and  narrowed  in  the  blowpipe-flame,  we  may  boil  the  fluid, 
seal  the  vessel  during  ebullition,  and  keeping  it  in  a  warm  place, 
may  await  the  result,  as  I  have  often  done.  After  a  variable  time 
the  previously  heated  fluid  within  the  hermetically  sealed  flask 
swarms  more  or  less  plentifully  with  Bacteria  and  allied  organ- 
isms." 

Previous  to  reading  this  statement  the  author  had  operated 
upon  tubes  of  hay  and  turnip-infusions,  and  upon  twenty-one  tubes 
of  beef,  mackerel,  eel,  oyster,  out-meal,  malt,  and  potato,  hermeti 
cally  sealed  while  boiling,  not  by  the  blow^pe,  out  by  the  far 
more  handy  spirit-lamp  flame.  In  no  case  was  any  appearance 
whatever  of  Bncteria  or  allied  organisms  observed.  The  perusal 
of  the  discussion  just  referred  to  caused  the  author  to  turn  again 
to  muscle,  liver,  and  kidney,  with  a  view  of  varying  and  multiply- 
ing the  evidence.  Fowl,  pheasant,  snipe,  partridge,  plover,  wild 
duck,  beef,  mutton,  heart,  tongue,  lungs,  brains,  sweetbread,  tripe, 
the  crystalline  lens  and  vitreous  humor  of  an  ox,  herring,  haddock, 
mullet,  codfish,  sole,  were  all  embraced  in  the  experiments.  There 
was  neither  mistake  nor  ambiguity  about  the  result.     One  hun- 
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dred  and  thirty-nine  of  the  flasks  operated  on  were  exhibited,  and 
not  one  of  this  cloud  of  witnesses  offers  the  least  countenance  to 
the  assertion  that  liquids  within  flasks,  boiled  and  hermetically 
sealed,  swarm,  subsequently,  more  or  less  plentifully  with  Bacteria 
and  allied  organisms. 

The  evidence  furnished  by  this  mass  of  experiments,  that  errors 
either  of  preparation  or  observation  have  been  committed,  is,  it  is 
submitted,  very  strong.  But  to  err  is  human ;  and  in  an  inquiry 
so  difficult  and  fraught  with  such  momentous  issues,  it  is  not 
error,  but  the  persistence  in  error  by  any  of  us,  for  dialectic  ends, 
that  is  to  be  aeprecated.  The  auther  shows  by  illustrations  the 
risks  of  error  run  by  himself.  On  Oct.  21  he  opened  the  back- 
door of  a  case  containing  six  test-tubes  filled  with  an  infusion  of 
turnip  which  had  remained  perfectly  clear  for  three  weeks,  while 
three  days  sufficed  to  crowd  six  similar  tubes  exposed  to  mote- 
laden  air  with  Bacteria.  With  a  small  pipette  he  took  specimens 
from  the  pellucid  tubes,  and  placed  them  under  the  microseopa 
One  of  them  yielded  a  field  of  nacterial  life,  monstrous  in  its  copi- 
ousness. For  a  long  time  he  tried  vainly  to  detect  any  source  of 
error,  and  was  perfectly  prepared  to  abandon  the  unvarying  in- 
ference from  all  the  other  experiments,  and  accept  the  result  as  a 
clear  exception  to  what  had  previously  appeared  to  be  a  general 
law.  The  cause  of  his  perplexity  was  finally  traced  to  the  tiniest 
speck  of  an  infusion  containing  Bacferiay  which  had  clung  by 
capillary  attraction  to  the  point  of  one  of  his  pipettes. 

Again,  three  tubes  containing  infusions  of  turnip,  hay,  and 
mutton,  were  boiled  on  Nov.  2  under  a  bell-jar  containing  air  so 
carefully  filtered  that  the  most  searching  examination  by  a  con- 
centrated beam  failed  to  reveal  a  particle  of  fioating  mattor.  At 
the  present  time  every  one  of  the  tubes  is  thick  with  mycelium 
and  covered  with  mould.  Here  surely  we  have  a  case  of  spontane- 
ous generation.     Let  us  look  to  its  history. 

After  the  air  has  been  expelled  from  a  boiling  liquid  it  is 
difficult  to  continue  the  ebullition  without  "bumping."  The 
liquid  remains  still  for  intervals,  and  then  rises  with  sudden 
energy.  It  did  so  in  the  case  now  under  consideration,  and  one 
of  the  tubes  boiled  over,  the  liquid  over-spreading  the  resinous 
surface  in  which  the  bell-jar  was  imbedded,  and  on  which,  doubt- 
less, germs  had  fallen.  For  three  weeks  the  infusions  liad  re- 
mained perfectly  clear.  At  the  end  of  this  time,  with  a  view  of 
renewing  the  air  of  the  jar,  it  was  exhausted,  and  refilled  by  fresh 
air  which  had  passed  through  a  plug  of  cotton-wool.  As  the  air 
entered,  attention  was  attracted  by  two  small  spots  of  penieillium 
resting  on  the  liquid  which  had  boiled  over.  It  was  at  once 
rem.irked  that  the  experiment  was  a  dangerous  one,  as  thc^  enter- 
ing air  would  probably  detach  some  of  the  spores  of  the  penicillium 
and  diffuse  them  in  the  bell-jar.  This  was,  therefore,  tilled  very 
slowly,  so  as  to  render  the  disturbance  a  minimum.  Next  day, 
however,  a  tuft  of  mycelium  was  observed  at  the  bottom  of  one  of 
the  three  tubes,  namely  that  containing  the  hay-infusion.     It  has 
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by  this  time  grown  so  as  to  fill  a  large  portion  of  the  tube.  For 
nearly  a  month  longer  the  two  tubes  containing  the  turnip  and 
mutton-infusions  maintained  their  transparency  unimpaired.  Late 
in  December  the  mutton-infusion,  which  was  in  dangerous  prox- 
imity to  the  outer  mould,  showed  a  tuft  upon  its  surface.  The 
beef-infusion  continued  bright  and  clear  for  nearly  a  fortnight 
longer.  The  recent  cold  weather  caused  me  to  add  a  third  gas- 
stove  to  the  two  which  had  previously  warmed  the  room  in  which 
the  experiments  are  conducted.  The  warmth  of  this  stove  played 
upon  one  side  of  the  bell-jar :  and  on  the  day  after  the  ligrhting  of 
the  stove,  the  beef-infusion  gave  birth  to  a  tuft  of  mycelium.  In 
this  case  the  small  spots  of  penicillium  might  have  readily  escaped 
attention  ;  and  had  they  done  so  we  should  have  had  three  cases 
of  ^'  spontaneous  generation''  far  more  striking  than  many  that 
have  been  adduce<L 

In  further  illustration  of  the  dangers  incurred  in  this  field  of 
inquiry  the  author  refers  to  the  excellent  paper  of  Dr.  Roberts  on 
Biogeuesis,  in  the '^ Philosophical  Transactions"  for  1874.  Dr. 
Roberts  fills  the  bulb  of  an  ordinarv  pipette  to  about  two-thirds 
of  its  capacity  with  the  infusion  to  be  examined.  In  the  neck  of 
the  pipette  he  places  a  plug  of  dry  cotton-wool.  He  then  hermeti- 
cally seals  the  neck  and  dips  the  bulb  into  boilinfi^  water  or  hot 
oil,  where  he  permits  it  to  remain  for  the  requisite  time.  Here  we 
have  no  disturbance  from  ebullition,  and  no  loss  by  evaporatioa 
The  bulb  is  removed  from  the  hot  water  and  permitted  to  cooL 
The  sealed  end  of  the  neck  is  then  filed  off,  the  cotton-wool  alone 
interposing  between  the  infusion  and  the  atmosphere. 

The  arrangement  is  beautiful,  but  it  has  one  weak  point- 
Cotton-wool  free  from  germs  is  not  to  be  found,  and  the  plug  em- 
ployed by  Dr.  Roberts  infalliblv  contained  them.  In  the  gentle 
movement  of  the  air  to  and  fro  as  the  temperature  changed,  or  by 
any  shock,  jar,  or  motion  to  which  the  pipette  might  be  subjected, 
we  have  certainly  a  cause  sufficient  to  detach  a  germ  now  and 
then  from  the  cotton-wool  which  would  fall  into  the  infusion  and 
produce  its  effect.  Probably,  also,  condensation  occurred  at  times 
in  the  neck  of  the  pipette ;  the  water  of  condensation  carrving 
back  from  the  cotton-wool  the  seeds  of  life.  The  fact  of  fertiliza* 
tion  being  so  rare  as  Dr.  Roberts  found  it  to  be  is  a  proof  of  the 
care  with  which  his  experiments  were  conducted.  But  he  did  find 
cases  of  fertillization  after  prolonged  exposure  to  the  boiling  tem- 
perature ;  and  this  caused  him  to  come  to  the  conclusion  that 
under  certain  rare  conditions  spontaneous  generation  may  occur. 
He  also  found  that  an  alkalised  hay-infusion  was  so  dimcult  to 
sterilise  that  it  was  capable  of  withstanding  the  boiling  tempera- 
sure  for  hours  without  losing  its  power  ot  generating  life.  The 
most  careful  experiments  have  been  made  with  this  inmsion.  Dr. 
Roberts  is  certainly  correct  in  assigning  to  it  superior  nutritive 
power.  But  in  the  present  inquiry  five  minutes  boiling  sufficed  to 
completely  sterilise  the  infusion. 
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Snmminff  ap  this  portion  of  his  inquiry,  the  author  remarks 
that  he  wiU  hardly  be  charged  with  any  desire  to  limit  the  power 
and  potency  of  matter.  Bat  holding  the  notions  he  does  npon 
this  point,  it  is  all  the  more  incnmbent  on  him  to  affirm  that  as  fiur 
as  inquiry  has  hitherto  poietrated,  life  has  never  been  proved  to 
appear  independently  of  antecedent  life. 

Though  tne  author  had  no  reason  to  doubt  the  general  diffusion 
of  germs  in  the  atmosphere,  he  thought  it  desirable  to  place  the 
pcnnt  beyond  question.  At  Down,  Mr.  Darwin,  Mr.  Francis 
Darwin ;  at  Hiffh  Elms^  Sir  John  Lubbock ;  at  Sherwood,  near 
Tunbridge  Wells,  Mr.  Siemens ;  at  Pembroke  Lodge,  Richmond 
Tsik,  Mr.  BoUo  Russell;  at  Heathfield  Park,  Messrs.  Hamilton ; 
at  Greenwich  Hospital,  Mr.  Hirst ;  at  Kew,  Dr.  Hooker  j  and  at 
the  Crystal  Palace,  Mr.  Price,  kindly  took  charge  of  missions, 
every  one  of  which  became  charged  with  orj^anisms.  To  obtain 
more  definite  insight  regarding  the  diffusion  of  atmospheric 
germS)  a  square  wooden  tray  was  pierced  with  100  holes,  into  each 
of  which  was  dropped  a  short  test-tube.  On  Oct.  28,  thirty  of 
these  tubes  were  filled  with  an  infhsion  of  hay,  thirty-five  with  an 
infusion  of  turnip,  and  thirty-five  with  an  infosion  of  bee£  The 
tubes,  with  their  infusions,  had  been  previously  boiled,  ten  at  a 
time,  in  an  oiKbath.  One  hundred  circles  were  marked  on  paper 
so  as  to  form  a  map  of  the  tray,  and  every  day  the  state  of  each 
tube  was  re^sterea  upon  the  corresponding  circle.  In  the  follow- 
ing description  the  term  "  dondy  ^  is  used  to  denote  the  first  sta^ 
of  turbidity ;  distinct  but  not  strong.  The  term  **  muddy ''  is 
used  to  denote  thick  turbidity. 

One  tube  of  the  100  was  first  singled  out  and  rendered  muddy. 
It  belonged  to  the  beef  group,  and  it  was  a  whole  day  in  advance 
of  all  the  other  tubes.  The  progress  of  putrefaction  wa8  first 
registered  on  Oct.  26 ;  the  '*  map  '*  then  taken  may  be  thus  de- 
scribed: 

May. — Of  the  thirty  specimens  exposed  one  had  become 
^  muddy  " — ^the  seventh  in  the  middle  row  reckoning  from  the 
side  of  the  tray  nearest  the  stove.  Six  tubes  remained  perfectly 
clear  between  this  muddv  one  and  the  stove,  proving  that 
differences  of  warmth  may  be  overridden  by  other  causes.  Every 
one  of  the  other  tubes  containing  the  hay  infusion  showed  spots 
of  mould  upon  the  clear  liquid. 

Turnip, — Four  of  the  thirty-five  tubes  were  very  muddy,  two 
of  them  being  in  the  row  next  the  stove,  one  four  rows  distant, 
and  the  remaining  one  seven  rows  away.  Besides  these  six  tubes 
had  become  clouded.    There  was  no  mould  on  any  of  the  tubes. 

JSeef. — One  tube  of  the  thirty-five  was  quite  muddy,  in  th^ 
seventh  row  from  the  stove.  There  were  three  cloudy  tubes, 
while  seven  of  them  bore  spots  of  mould. 

As  a  general  rule  organic  infusions  exposed  to  the  air  during 
the  autumn  remained  for  two  days  or  more  perfectly  clear. 
Doubtless  from  the  first  germs  fell  into  them,  but  they  required 
time  to  be  hatched.  This  period  of  clearness  may  be  called  the 
**  period  of  latency,"  and  indeed  it  exactly  corresponds  with  what 
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is  understood  by  this  term  in  medicine.  Toward  the  end  of  the 
period  of  latency,  the  fall  into  a  state  of  disease  is  comparatively 
sudden ;  the  infusion  pasRing  from  perfect  clearness  to  cloudiness 
more  or  less  dense  in  a  few  hours. 

Thus  the  tube  placed  in  Mr.  Darwin's  possession  was  clear  at 
8.30  A.  M.  on  Oct.  19,  and  cloudy  at  4.30  P.  m.  Seven  hours,  moie> 
over,  after  the  first  record  of  our  tray  of  tubes,  a  marked  change 
had  occurred.  It  may  be  thus  described : — ^Instead  of  one,  eight 
of  the  tubes  containing  hay-infusion  had  fallen  into  uniform  mud- 
diness.  Twenty  of  these  had  produced  Bacterial  slime,  which  had 
fallen  to  the  Dottom,  every  tube  containing  the  slime  being 
covered  by  mould.  Three  tubes  only  remained  clear,  but  with 
mould  upon  their  surfaces.  The  muddy  turnip-tubes  had  increased 
from  four  to  ten ;  seven  tubes  were  clouded,  while  eighteen  of 
them  remained  clear,  with  here  and  there  a  speck  of  mould  on  the 
surface.  Of  the  beef,  six  were  cloudy  and  one  thickly  muddy, 
while  spots  of  mould  had  formed  on  the  majority  of  the  renuuning 
tubes.  Fifteen  hours  subsequent  to  this  observation,  viz.  on  the 
morning  of  Oct.  27,  all  the  tubes  containing  hay-infusion  were 
smitten,  though  in  different  degrees,  some  of  them  being  much 
more  turbid  than  others.  Of  the  turnip-tubes,  three  only  remained 
unsmitten,  and  two  of  these  had  mould  upon  their  surfaces.  Only 
one  of  the  thirty-five  beef-infusions  remained  intact.  A  change 
of  occupancy,  moreover,  had  occurred  in  the  tube  which  first  gave 
way.  its  muddiness  remained  gray  for  a  day  and  a  half,  then  it 
changed  to  bright  yellow  green,  and  it  maintained  this  color  to 
the  end.  On  the  27th  every  tube  of  the  hundred  was  smitten,  the 
majority  with  uniform  turbidity;  some,  however,  with  mould 
above  and  slime  below,  the  intermediate  liquid  being  tolerably 
clear.  The  whole  process  bore  striking  resemblance  to  the  propa- 
gation of  a  plague  among  a  population,  the  attacks  being  successive 
and  of  different  degrees  of  virulence. 

From  the  irregular  manner  in  which  the  tubes  are  attacked,  we 
may  infer  that,  as  regards  quantity^  the  distribution  of  the  germs 
in  the  air  is  not  uniform.  The  singling  out,  moreover,  of  one 
tube  of  the  hundred  by  the  particular  Bacteria  that  develop  a 
green  pigment,  shows  that,  as  regards  quality^  the  distribution  is 
not  uniform.  The  same  absence  of  uniformity  was  manifested  in 
the  struggle  for  existence  between  the  JBact^ria  and  the  penicil- 
lium.  In  some  tubes  the  former  were  triumphant ;  in  other  tubes 
of  the  same  infusion  the  latter  was  triumphant.  It  would  seem 
also  as  if  a  want  of  uniformity  as  regards  vital  vigor  prevailed. 
With  the  self-same  infusion  the  motions  of  the  Bacteria  in  some 
tubes  were  exceedingly  languid,  while  in  other  tubes  the  motions 
resembled  a  rain  of  projectiles,  being  so  rapid  and  violent  as  to 
be  followed  with  difficulty  by  the  eye.  Reflecting  on  the  whole 
of  this,  the  author  concludes  that  the  germs  float  through  the 
atmosphere  in  groups  or  clouds,  with  spaces  more  sparsely  filled 
between  them.  The  touching  of  a  nutritive  fluid  by  a  Bacterial 
cloud  would  naturally  have  a  different  effect  from  the  touching  of 
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it  by  the  intenpaoe  between  two  doiids.  But  as  in  the  case  of  a 
mottled  flky,  the  Tariom  porttons  of  the  landsoi^  are  saooeflsively 
Tittted  by  shade,  so,  in  the  long  ran,  are  the  yarioni  tabes  of  our 
tray  touched  by  the  Bacterial  dondiii  the  final  fertilisation  or  in* 
fection  of  them  all  being  the  oonseqnenoe.  The  author  connects 
these  results  with  the  exneriments  of  Pasteur  on  the  non-continuity 
of  the  cause  of  so-callea  spontaneous  generation,  and  with  other 
experiments  of  his  own.* 

On  the  9th  of  November  a  second  tray  containing  one  hundred 
tubes  filled  with  an  infusion  of  mutton  was  exposed  to  the  air. 
On  the  morning  of  the  11th  six  of  the  ten  nearest  tlie  stoye  had 

SVen  way  to  putrefaction.  Three  of  the  rows  most  distant  from 
e  stove  nad  yielded,  while  here  and  there  over  the  tray  particular 
tubes  were  singled  out  and  smitten  by  the  infection.  Of  the 
idiole  tray  of  one  hundred  tubes,  twenty-seven  were  eitiber  muddy 
or  cloudy  on  the  11th.  Thus,  doubtleiM,  in  a  contagious  atmos- 
phere, are  individuals  successively  struck  down.  On  the  12th  all 
the  tubes  had  given  way,  but  the  differences  in  their  contents  were 
extraordinary.  All  of  them  contained  JBacteria^  some  few,  others 
in  swarms.  In  some  tubes  they  were  slow  and  sickly  in  their 
motions,  in  some  apparently  dead,  while  in  others  they  darted 
about  with  rampant  vigor.  These  difEerences  are  to  be  referred 
to  ohanffes  in  the  germinal  matter,  for  the  same  infusion  was 
presented  evervwhore  to  the  air.  Here  also  we  have  a  picture  of 
what  occurs  during  an  epidemic,  the  diffiBrence  in  number  and 
energy  of  the  Bacterial  swarms  resembling  the  varying  intensity 
oi  the  disease.  It  becomes  obvious  from  these  experiments  that 
of  two  individuals  of  the  same  population,  exposed  to  a  contagious 
atmosphere,  the  one  may  be  severely,  the  other  lightlv  attacked, 
though  the  two  individuals  may  be  as  identical  as  regards  suscepti- 
bility as  two  samples  of  one  and  the  same  mutton  infusion. 

The  author  traces  still  further  the  parallelism  of  these  actions 
with  the  progress  of  infectious  disease.  The  Times  of  January 
17th  contained  a  letter  on  Typhoid  Fever  signed  ^^M.D.,"  in 
which  occurs  the  following  remarkable  statement : — ^'  In  one  part 
of  it  (Edinburgh),  congregated  together  and  inhabited  by  the 
lowest  of  the  population,  there  are,  according  to  the  Corpora- 
tion return  for  1874,  no  less  than  14,819  houses  or  dwellings — 
many  under  one  roof,  on  the  ^flat'  system  —  in  which  were 
are  no  house  connections  whatever  with  the  street  sewers,  and, 
consequently,  no  water-closets.  To  this  day,  therefore,  aU  the 
excrementitious  and  other  refuse  of  the  inhabitants  is  collected 

*  In  hospital  practioe  the  openixig  of  a  wound  during  the  passage  of  a  Bacterial 
eUmd  would  have  an  effect  yery  di&rent  from  the  opening  of  it  in  the  interspacs 
between  two  clouds.  Certain  caprices  in  the  behavior  ol  dressed  wounds  maj 
possibly  be  accounted  for  in  this  waj.  Under  the  heading  **  Nothing  new  under 
the  Sun,"  Prol  Huxley  has  just  sent  me  the  following  remarkable  extract  :~- 
'*  Uebrigens  kann  man  sioh  die  in  der  Atmosphare  sohwimmenden  Thierchen  wie 
Wolken  denken,  mit  denen  ganz  leere  Luftmassen,  Ja  ganze  Tage  vdllig  reinan 
lioftYerhaltnisse  wechseln.'*  (Ehrenberg,  "Infusions  Thierchen,"  1838,  p.  626.) 
Hie  ot^ncideiioe  of  phraseology  is  surprising,  for  I  knew  nothing  of  Shienberg's 
ooooeption.    My  "  douds,"  however,  are  but  small  miniatures  of  his. 
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in  pails  or  pans,  and  remains  in  their  midst,  generally  in  a 
partitioned-on  comer  of  the  living  room,  until  the  next  day,  when 
It  is  taken  down  to  the  streets  and  emptied  into  the  CorporatioD 
oarts.  Dmnken  and  vicious  though  the  population  be,  herded 
together  like  sheep,  and  with  the  filth  collected  and  kept  for 
twenty-four  hours  in  their  very  midst,  it  is  a  remarkable  fact  that 
typhoid  fever  and  diphtheria  are  simply  unknown  in  these 
wretched  hovels." 

This  case  has  its  analogue  in  the  following  experiment,  which  is 
representative  of  a  class.  On  Nov.  30  a  quantity  of  animal  refuse, 
embracing  beef,  fish,  rabbit,  hare,  was  placed  in  two  large  test- 
tubes  opening  into  a  protecting  chamoer  containing  six  tubes. 
On  Dec.  1 3,  when  the  refuse  was  in  a  state  of  noisome  putrefac- 
tion, infusions  of  whiting,  turnip,  beef  and  mutton  were  placed  in 
the  other  four  tubes.  They  were  boiled  and  abandoned  to  the 
action  of  the  foul  "  sewer  gas"  emitted  by  their  two  putrid  com- 
panions. On  Christmas-day  the  four  infusions  were  limpid.  The 
end  of  the  pipette  was  then  dipped  into  one  of  the  putrid  tubes, 
and  a  quantity  of  matter  comparable  in  smallness  to  the  pock- 
lymph  held  on  the  point  of  a  lancet  was  transferred  to  the  turnip. 
Its  clearness  was  not  sensibly  affected  at  the  time;  but  on  the 
26th  it  was  turbid  throughout  On  the  27th  a  speok  from  the 
infected  turnip  was  transferred  to  the  whiting ;  on  the  28th  disease 
had  taken  entire  possession  of  the  whiting.  To  the  present  hoar 
the  beef  and  mutton  tubes  remain  as  limpid  as  distilled  water. 
Just  as  in  the  case  of  the  living  men  and  women  in  Edinburgh, 
no  amount  of  fetid  gas  had  the  power  of  propagating  the  plague, 
so  long  as  the  organisms  which  constitute  the  true  contagium  did 
not  gain  access  to  the  infusions. 

The  universal  prevalence  of  the  germinal  matter  of  JBacteria  in 
water  has  been  demonstrated  with  the  utmost  evidence  by  the 
experiments  by  Dr.  Burden  Sanderson.  But  the  germs  in  water 
are  in  a  very  aifferent  condition,  as  regards  readiness  for  develop- 
ment, from  those  in  air.  In  water  they  are  thoroughly  wetted, 
and  ready,  under  the  proper  conditions,  to  pass  rapidly  into  the 
finished  organisms.  In  air  they  are  more  or  less  desiccated,  and 
require  a  period  of  preparation  more  or  less  long  to  bring  them 
up  to  the  starting-point  of  the  water-germs.  The  rapidity  of 
development  in  an  infusion  infected  by  either  a  speck  of  liquid 
containing  JBacteria  or  a  drop  of  water  is  extraordinary.  On 
Jan.  4  a  thread  of  glass  almost  as  fine  as  a  hair  was  dipped  into 
a  cloudy  turnip  inmsion,  and  the  tip  only  of  the  ^lass  fiber  was 
introduced  into  a  large  test-tube  containing  an  infusion  of  red 
mullet.  Twelve  hours  subsequently  the  perfectly  pellucid  liquid 
was  cloudy  throughout.  A  second  test-tube  containing  the  same 
infusion  was  infected  with  a  single  drop  of  the  distuled  water 
furnished  by  Messrs.  Hopkin  and  Williams ;  twelve  hours  also 
sufficed  to  cloud  the  infusion  thus  treated.  Precisely  the  same 
experiments  were  made  with  herring  with  the  same  result.  At 
this  season  of  the  year  several  days'  exposure  to  the  air  are 
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to  produce  so  great  an  effect.  On  Dec.  31  a  strong  turnip-infu- 
sion was  prepared  by  digesting  thin  slices  in  distilled  water  at  a 
temperature  of  120*^  F.  The  infusion  was  divided  between  four 
large  test-tubes,  in  one  of  which  it  was  left  unboiled,  in  another 
boiled  for  five  minutes,  in  the  two  remaining  ones  boiled,  and 
aft^r  cooling  infected  with  one  drop  of  beef-fnfusion  containing 
Bacteria.  In  twenty-four  hours  the  unboiled  tube  and  the  two 
infected  ones  were  cloudy,  the  unboiled  tube  being  the  most 
turbid  of  the  three.  The  infusion  here  was  peculiarly  limpid 
after  digestion ;  for  turnip  it  was  quite  exceptional,  and  no 
amount  of  searching  with  the  microscope  could  reveal  in  it  at 
first  the  trace  of  a  living  Bacterium;  still  germs  were  there 
which,  suitably  nourished,  passed  in  a  single  day  into  Bacterial 
swarms  without  number.  Five  days  have  not  sufficed  to  produce 
an  effect  approximately  equal  to  this  in  the  boiled  tube,  which 
was  uninfected  but  exposed  to  the  common  laboratory  air. 

There  cannot,  moreover,  be  a  doubt  that  the  germs  in  the  air 
differ  widely  among  themselves  as  re^dkr^L^  preparedness  for  devel- 
opment. Some  are  fresh,  others  old ;  some  are  dry,  others  moist. 
Infected  by  such  germs  the  same  infusion  would  require  different 
lengths  of  time  to  develop  Bacterial  life.  This  remark  applies  to 
and  explains  the  different  degrees  of  rapidity  with  which  epidemic 
disease  acts  upon  different  people.  In  some  the  hatching-period, 
if  it  may  be  called  such,  is  long,  in  some  short,  the  differences 
depending  upon  the  different  degrees  of  preparedness  of  the 
contagium. 

The  author  refers  with  particular  satisfaction  to  the  untiring 
patience,  the  admirable  mechanical  skill,  the  veracity  in  thought, 
word,  and  deed,  displayed  throughout  this  first  section  of  a  large 
and  complicated  inquiry  by  his  assistant,  Mr.  John  Cottrell,  who 
was  zealously  aided  by  his  junior  colleague,  Mr.  Frank  Valter. 

Note.  Jan.  31. — The  notion  that  the  author  limited  himself 
to  temperatures  of  60°  and  70°  Fahr.  is  an  entire  misconception. 
But  more  of  this  anon. 


Akt.  XL. — Discovery  of  a  new  Planet  \  by  C.  H.  F.  Peters. 
( From  a  letter  to  one  of  the  Editors,  dated  Litchfield  Observa- 
tory of  Hamilton  College,  Clinton,  N.  Y.,  Feb.  26,  1876.) 

A  new  planet,  eleventh  magnitude,  was  first  seen  here  on  the 
night  of  the  20th  iust.,  and,  after  several  days  of  bad  weather, 
again  observed  on  the  folio wincj  nights.  The  positions  are  as 
follows : 

1876.     Ham.  Col.  m.  t.  a(160)  d(160) 

Feb.  20,    15''  — "^  — '^     10''  20'°  69"  -f-l4°  14.'l 

"    24,    12    25    41       10    17     26*8  +U    28     45     (12  comp.) 

"    25,     11    46     11       10    16     33-92        -fl4     32     26*0  (15  comp.) 

On  the  first  night  only  an  approximate  observation  was  made. 

For  the  second  night  the  comparison  star  still  needs  determination 

by  means  of  the  meridian  circle. 

Am.  Jour.  Sot.— Third  Sbbim,  Vol.  XI,  No.  64.— Apkii*,  Ibl^, 
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SCIENTIFIC    INTELLIGENCE. 
I.  Chemistry  and  Physics. 

1.  On  a  Crystallized  Hydrate  of  Hydrochloric  acid, — Pibbrs 
and  PucHOT  have  observed  that,  when  a  saturated  solution  of  hy- 
drochloric acid  gas  is  cooled  to  — 21°  or  —22°  C,  the  dry  gas  be- 
ing passed  continuously  into  the  liquid,  after  a  few  minutes  the  tem- 
perature rises  to  *  18°  and  an  abundant  crystallization  begins,  dur- 
mg  which  the  temperature  remains  constant  at  ~  18°.  Before  the 
crystallization  commences,  there  is  always  observed  this  lowering 
of  3^  or  4""  in  temperature,  which  is  a  phenomenon  analogous  to  sor- 
saturation.  A  synthetic  experiment  showed  that,  to  produce  the 
crystals,  the  water  absorbed  about  its  own  weight  of  tne  gas ;  and 
hence  showed  that  the  probable  formula  was  HCL  (M2^)2'  ^° 
the  air  the  crystals  decompose  readily,  giving  off  dense  iumes  of 
hydrogen 'chloride.  In  a  flask,  kept  near  0°,  they  slowly  melt,  the 
temperature  remaining  at  —18°;  in  one  experiment  115  grams  of 
the  crystals  required  an  hour  and  a  quarter  to  melt.  Water  dis- 
solves them  readily.  Since  they  sink  in  the  solution  where  they 
are  formed,  they  must  be  denser  than  it  They  set  free  the  gas  in 
melting,  and  hence  must  contain  more  of  it  than  the  mother  liquors. 
In  the  analysis,  a  known  weight  of  the  drained  crystals  was  treated 
with  a  definite  quantity  of  distilled  water,  in  amount  sufficient  to 
prevent  the  evolution  of  gas.  The  chlorine  was  then  determined 
m  the  solution,  and  from  this  the  ratio  between  the  HCl  and  the 
HjO  could  be  calculated.  In  the  first  two  determinations,  the 
ratio  was  1:2'19;  in  the  second  it  was  1:2-085  and  1:2*075. 
Hence  the  authors  conclude  upon  the  formula  HCL(H,0)2 ;  this 
is  the  best  defined  hydrate  of  hvdrochloric  acid  yet  observed.  A 
mixture  of  snow  two  parts  and  hydrochloric  acid  one  part  gives 
a  temperature  of  —32  C. ;  or  of  —35°  if  the  materials  are  pre- 
viously cooled. —  C.  i2.,  Ixxxii,  45,  Jan.  1876.  g.  f.  b. 

2.  On  the  Decomposition  of  Water  by  Platinum. — Sainte  Claire 
Deville  and  Debray  state  that  if  potassium  cyanide  be  heateil  in 
a  glass  tube  to  500°  or  600°,  in  the  vicinity  of  a  boat  full  of  warm 
water,  the  tube  having  been  previously  exhausted,  the  pressure  rises 
to  half  an  atmosphere,  and  remains  constant  for  hours ;  but  if^  be- 
fore the  operation,  some  platinum  sponge  has  been  mixed  with  the 
cyanide,  hydrogen  is  abundantly  evolved^  and  a  potassio-platinum 
cyanide  is  formed.  This  hydrogen  contains  from  4^  to  12  per  cent 
of  carbonous  oxide,  produced  according  to  the  following  reaction. 

(KCN),+{H,0),=K,C034-(NH3),  +  H,+CO 

If  the  principal  reaction  in  the  foregoing  experiment  be  written — 

(KCy),  +  (H,0)a=PtCy,(KCy),  +  (KOH),+H, 

it  would  appear  as  if  the  platinum  decomposed  water  under  the  in- 
fluence of  the  potassic  cyanide.  But  the  authors  show  from  ther- 
mal considerations  that  the  potassium  hydrate  formed  is  really  the 
important  product ;  that  in  its  formation  the  greatest  amount  of 
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heat  IB  developed,  and  hence  it  is  really  the  determinant  of  the  re- 
action. From  the  same  causes,  a  boiling  concentrated  solution  of 
potassium  cyanide  attacks  platinum,  setting  free  hydrogen ;  an  ex- 
periment the  authors  recommend  as  a  convenient  one  to  illustrate 
the  principles  of  thermo-chemistry  upon  the  lecture-table.  So  also 
a  boiling  solution  of  mercuric  cyanide  does  not  attack  platinum 
unless  potassium  cyanide  be  present ;  then  the  mercury  at  once 
separates. —  (J,  i?.,  Ixxxii,  241,  Jan.  1876.  g.  p.  a 

3.  On  a  New  Compound  of  Sulphur  and  Oxygen, — For  many 
years  it  has  been  known  that  the  action  of  sulphur  on  sulphuric 
oxide  or  on  disulphuric  acid  produces  an  intense  blue  color.  R» 
Webrr  has  successfully  investigated  the  cause  of  this  color,  and 
has  shown  that  it  is  due  to  a  new  oxide  of  sulphur  which  he  has 
isolated.  To  prepare  it,  a  portion  of  sulphuric  oxide  is  prepared, 
containing  some  sulphuric  acid,  and  into  this  is  thrown,  in  small 
portions,  carefully  dried  flowers  of  sulphur.  At  the  instant  of  con- 
tact the  sulphur  is  converted  into  dark  blue  liquid  drops  which 
sink  to  the  bottom  of  the  liquid  and  there  solidify.  Care  should 
be  taken  to  keep  the  temperature  at  1 6°  C,  since  below  this  point 
the  whole  liquid  solidifies,  and  above  it  the  blue  body  decomposes. 
After  the  operation,  the  excess  of  liquid  is  poured  off,  the  blue  crys- 
talline crusts  are  drained  and  the  excess  of  sulphuric  oxide  driven 
off  at  a  temperature  not  exceeding  blood  heat.  Bluish  green  crusts 
are  thus  obtained,  which  are  very  friable  and  which  have  a  structure 
similar  to  malachite.  They  decompose  without  fusion  slowly  at 
ordinary  temperatures,  more  rapidly  on  heating,  evolving  sulphur- 
ous oxide  and  leaving  sulphur  behind.  In  a  cool  place  the  decom- 
position is  so  slow  that  the  substance  may  readily  be  weighed  for 
analysis.  Moist  air  decomposes  it  rapidly  and  it  hisses  when  thrown 
into  water.  Alcohol  and  ether  also  decompose  it,  and  set  free  sul- 
phur. A  mean  of  five  closely  accordant  analyses  showed  that  it 
contained  5'i'12  per  cent  of  sulphur;  thus  giving  it  the  formula 
SgOg.  The  author  names  it  sulphur  scsquioxide  or  dithionic  oxide. 
No  compounds  of  it  have  yet  been  made.  Selenium  gives  an  anal- 
ogous compound  having  the  formula  SeSOg.  It  is  dirty-green  in 
mass,  yellow  in  powder. — Pogg,  Arm.^  clvi,  531  Dec,  1875. 

G.  p.  B. 

4.  On  the  Purification  of  Carbon  disulphide. — Frikdberg  pro- 
poses to  effect  the  final  purification  of  carbon  disulphide  by  treating 
It  with  fuming  nitric  acid.  The  crude  disulphide  is  first  purified 
by  repeated  distillation  with  a  vegetable  fat,  such  as  palm  oil,  and 
is  then  treated  with  the  acid  and  frequently  agitated.  After  twenty- 
four  hours  two  layers  are  observed,  nearly  of  the  same  color,  the 
red  vapors  of  the  acid  having  been  absorbed  by  the  CS^.  If  water 
be  added,  the  disulphide  becomes  reddish  violet,  and  this  separated 
from  the  acid,  washed,  and  gently  heated,  gives  up  pure  disulphide 
in  the  distillate,  while  the  violet-colored  solution  of  the  disulphide 
remains  behind,  and  is  not  broken  up  except  at  a  higher  tempera- 
ture. The  colorless  distillate,  washed  with  water  dried  and  dis- 
tilled, is  chemically  pure.    The  author  is  investigating  the  solvent 
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power  of  this  substance  for  gaseous  substances. — Ber.  Berl,  Chem, 
Oes.^  viii,  1616,  Jan.  1876.  g.  p.  a 

6.    The  New  Metal    OcUlium, — In  the  session  of  the  French 
Academy  on  September  20,  the  Secretary  opened  a  sealed  not^  de- 
posited by  Lecoq  de  Boisbaudran,  the  first  paragraph  of  which 
reads  thus: — "  Day  before  yesterday,  on  Friday  the  27tn  of  August, 
1875,  between  three  and  four  o'clock  in  the  afternoon,  I  obtained 
indications  of  the  probable  existence  of  a  new  simple  body  among 
the  products  of  the  chemical  examination  of  a  blende  coming  from 
the  mine  of  Pierrefitte,  valley  of  Argeles,  Pyrenees."   The  evidence 
relied  on  to  prove  this  discovery,  a  part  of  which  evidence  was 
given  in  the  sealed  note  and  another  part  in  a  note  read  at  the 
same  meeting,  is:  (1)  the  oxide  (or  perhaps  a  basic  salt)  is  precipi- 
tated slowly  by  metallic  zinc  in  a  solution  containing  chlorides  and 
sulphates ;  (2)  its  salts  are  easily  precipitated  by  barium  carbonate 
in  the  cold ;  and  (3)  it  gives  a  spectrum  showing  two  violet  lines 
of  wave  lengths  417  and  404  respectively.     In  all  its  other  chemi- 
cal reactions,  it  closely  resembles  zinc;  though  in  the  precipitations 
it  has  always  the  preference  when  these  are  incomplete.     To  the 
metal  thus  indicated,  Lecoq  de  Boisbaudran  gave  the  name  Gal- 
lium.    In  a  more  recent  paper  he  gives  additional  facts  regarding 
the  new  metal,  which  he  has  been  able  to  free  almost  entirely  from 
zinc.     From  it  he  has  prepared  a  salt  which  he  believes  to  be  gal- 
lium-alum.    It  is  soluble  in  cold  water,  but  is  decomposed  on  heat- 
ing, unless  acetic  acid  be  present.     It  crystallizes  in  octahedrons 
and  cubes,  presenting  the  appearance  of  common  alum,  especially 
under  the  microscope ;  the  crystals  do  not  polarize  light.     Placed 
in  a  8U[)er-8atn  rated  solution  of  ammonio-aluminum  alum,  they  act 
as  nuclei  and  begin  to  sjrow.     Treated  with  ammonia,  a  part  only 
of  the  oxide  is  thrown  down.    In  ammoniacal  solution,  the  metal  is 
precipitated  by  electrolysis  on  the  negative  electrode.    In  the  first 
trial  1  '6  milligrams  were  deposited  in  4^  hours ;  in  the  second,  3*4 
milligrams  was  deposited  in  5  houi-s  40  minutes.    (This  sample  was 
submitted  to  the  Academy.)     The  metal  adhered  strongly  to  the 
platinum  on  which  it  was  deposited.     When  burnished  its  surface 
IB  brilliant,  and  has  a  color  between  silver  and  platinum.     With  a 
feeble  current,  the  metal  comes  down  frosted  and  crystalline.     It 
does  not  decompose  water  at  ordinary  temperatures,  and  tai*nishes 
slowly  in  the  open  air.     With  HCl,  it  evolves  hydrogen.     On  the 
evidence  of  the  alum,  he  fixes  the  formula  of  the  oxide  as  Ga^Og, 
and  assigns  the  metal  to  the  aluminum  group.     In  a  subsequent 
note,  the  author  gives  the  results  of  the  more  accurate  measure- 
ment of  the  wave-lengths  of  the  two  lines  of  the  gallium  spectrum, 
a  and  /H,    A  concentrated  solution  of  the  chloride  gave  only  the  two 
lines  at  first  observed,  of  wave-lengths  417  and  403*1,  the  former 
being  the  stronger. —  C.  jR.,  Ixxxi,  493  (Sept.)  1100,  (Dec.  1875); 
Ixxxii,  168,  Jan.  1876.  g.  p.  r 

6.  Conductihility  of  Gases, — M.  A.  Winkklmann  has  meas- 
ured the  conductibility  of  gases  for  heat  by  an  apparatus  like  that 
of  Stephan,  except  that  a  peculiar    manometer  and  method  of 
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closure  is  used.  The  apparatus  consists  of  a  brass  cylinder  serv- 
ing as  an  air  thermometer  enclosed  in  a  second  concentric  cyl- 
inder. The  top  of  the  inner  cylinder  may  be  unscrewed  and 
it  carries  a  conical  cavity  in  which  is  placed  a  rubber  cork 
with  a  hole  through  it.  A  glass  tube  passes  through  this  hole 
and  a  metallic  cap  screwed  on  below  the  rubber  presses  it  against 
the  glass.  A  similar  closure  carries  the  tube  through  the  outer 
cylinder.  The  latter  is  connected  with  a  mercury  pump.  A  com- 
parison of  the  time  and  variations  of  the  pressure  when  the  outer 
cylinder  was  immersed  in  ice-water  gave  the  following  coefficients 
of  conductibility : 

Name.  C!onduct 

Air .._ -0000526 

Hydrogen '0003324 

Carbonic  Acid -0000317 

Ethyl -0000414 

Marsh  Gas -0000647 

Nitric  Oxide -0000460 

Carbonic  Oxide i-. -00005 1 0 

Oxygen -0000563 

Nitrous  Oxide -0000363 

Nitrogen -0000524 

— Pogff.  Anft.  clvi,  497.  e.  c.  p. 

7.  ITtermcU  Properties  of  Liquids, — M.  Pictet  has  applied  the 
mechanical  theory  of  heat  to  the  study  of  volatile  liquids,  mak- 
ing use  of  the  experiments  of  Regnault.  and  deduces  the  following 
simple  relations  between  their  latent  heats,  atomic  weight  and  va- 
por tension : 

(1.)  The  cohesion  of  all  liquids  is  constant. 

(2.)  The  differential  coefficient  of  the  Naperian  logarithm  of 
the  tension  divided  by  the  temperature  is  constant  for  all  liquids 
when  referred  to  the  same  pressure  and  temperature. 

(3.)  The  latent  heat  of  all  liquids  referred  to  the  same  pres- 
sure, multiplied  by  the  atomic  weight  referred  to  the  same  tem- 
perature, gives  a  constant  product. 

(4.)  For  all  liquids  the  difference  of  the  internal  latent  heats  at 
any  two  temperatures,  multiplied  by  the  atomic  weight  is  a  con- 
stant number. 

It  thus  appears  that  quantities  at  first  sight  wholly  independent 
are  really  connected  by  very  simple  relations,  which  dispense  with 
long  emnirical  formulas  based  on  observations  more  or  less  open 
to  criticism. 

Furthermore,  admitting  the  law  of  Dulong  and  Petit  for  specific 
heats,  we  can  further  say  that  the  latent  heat  of  all  liquids  are 
multiples  of  their  specific  heats. — Bibl.  Univ,,  ccxvii,  66. 

B.  c.  p. 

8.  Dependence  of  Electrical  Resistance  on  the  Motion  of  the 
Conductor, — M.  Edlund  has  brought  to  bear  a  new  argument  in 
favor  of  his  theory  of  electricity,  by  showing  that  the  resistance 
of  a  conductor  is  affected  by  its  motion.     Water  is  allowed  to 
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flow  through  a  long  tube  having  three  electrodes  of  gold  wire  ad- 
mitted at  its  ends  and  centfir.  A  battery  of  two  DanielPs  cells 
has  one  terminal  connected  with  the  center  electrode,  and  the 
other  with  two  of  the  terminals  of  a  delicate  differential  astatic 
galvanometer.  The  two  end  electrodes  are  connected  with  the 
other  terminals  of  the  galvanometer.  The  current  from  the  bat- 
tery divides,  and  half  passes  through  the  tube  in  each  direction. 
By  suitably  varying  the  resistance,  the  galvanometer  needle  will 
now  be  at  rest.  When  the  water  is  caused  to  flow  through  the 
tube,  however,  the  resistance  in  one  direction  will  be  increased, 
and  that  in  the  other  diminished,  since,  according  to  Edlund^s 
theory  the  current  is  proportional  to  the  amount  of  ether  flowing 
through  a  given  section  per  second.  Accordingly  the  needle 
should  deviate,  as,  in  fact,  it  does.  To  eliminate  the  effects  of 
polarization,  the  current  was  inverted  without  changing  the  i^ 
suit.  That  the  deviations  may  be  regular,  it  is  essentiaithat  the 
liquid  should  have  a  great  resistance  and  the  amount  of  deviation 
is  almost  independent  of  this  resistance.  Two  series  of  observa- 
tions were  made,  one  with  (^stilled  water,  the  other  with  alcohol 
and  water,  and  ,u:ave  similar  results.  A  third  series  with  aque- 
duct water  gave  the  same  result.  Finally,  equal  currents  were 
sent  in  opposite  directions  through  the  pipe,  when  they  produced 
no  effect  on  the  needle,  but  as  soon  as  the  li(j[uid  was  set  in  motion 
a  deviation  was  always  obtained  indicating  that  the  resistance 
was  greater  in  one  direction  than  in  the  other.  These  two  meth- 
ods of  observation  lead  to  the  same  result,  foreseen  by  the  theory 
of  Edlund,  namely,  that  the  galvanic  resistance  diminishes  if  the 
conductor  moves  in  the  same  direction  as  the  galvanic  current 
and  increases  on  the  contrary  if  the  other  two  currents  move  in 
opposite  directions. — Royal  Swedish  Acad.,  III.,  No.  11,  Phil, 
mag.,  1,  89.  e.  c.  p. 

9.  Electric  Spark  with  large  JSatterles. — Messrs.  Warren  de 
LA  Rue  and  H.  W.  Muller  presented  to  the  Royal  Society  at  a 
recent  meeting  a  paper  having  the  following  title :  On  the  length 
of  the  Spark  from  a  Battery  of  600,  1200,  1800  and  2400  rod- 
chloride  of  Silver,  and  some  Phenomena  attending  the  discharge 
of  5640  cells.  A  year  ago  some  experiments  on  the  stratification 
of  the  discharge  in  vacuo  of  a  battery  of  1080  cells  were  described. 
This  battery  has  now  been  augmented  to  5640  cells,  and  two 
other  batteries  will  soon  be  added  making  9120  cells.  Having 
completed  2400  cells  and  charged  them  up  in  a  single  day,  they 
were  exactly  in  the  same  condition  as  to  electro-motive  force  and 
internal  resistance,  consequently  they  afforded  the  means  of  test- 
ing the  truth  of  the  law  of  the  length  of  the  spark  in  a  manner 
more  efficacious  than  had  hitherto  been  obtained,  the  more  espe- 
cially as  by  the  use  of  paraffin  corks  and  other  precautions  we  had 
obtained  an  excellent  insulation.  A  discharger  with  a  micrometer- 
screw  was  constructed  by  which  the  length  of  spark  couhl  be 
measured  to  '001  of  an  inch,  or  by  estimation  to  one-tenth  of  that 
quantity.     In  making  measurements  the  terminals  were  separated 
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to  a  greater  distaDce  than  the  anticipated  striking-distance  and 
gradually  approached  until  the  spark  passed.  The  discharger 
was  then  detached  from  the  battery,  and  after  reading  the  scale, 
connected  ^-ith  a  separate  battery  of  10  cells  with  a  detector-gal- 
vanometer in  circuit.  The  terminals  were  again  approached  until 
the  motion  of  the  galvanometer  indicated  contact  between  them. 
The  scale  wa.s  again  read,  and  the  change  in  reading  gave  the 
required  length  of  spark.  With  600,  1200,  1800  and  2ioo  cells 
the  striking-distances  were  found  to  be  '0033,  0130,  'O.-Ud  and 
'0535  inches.  These  numbers  are  nearly  proportional  to  the  square 
of  the  number  of  cells,  which  would  give  the  distances  0033,  0132, 
•0297,  0528.  The  length  of  spark  is  much  influenced  by  the  form 
of  the  terminal  Generally  a  copper-pointed  plane  was  employed 
and  the  current  reversed  362  times  per  second  by  a  revolving  com- 
mutator, or  a  double  key  discharger. 

When  the  point  was  negative,  a  glow  in  form  like  a  paraboloid 
was  seen  sun'ounding  it  long  before  the  spark  passed,  and  as  the 
distance  was  diminished  gradually  extending  to  the  positive  ter- 
minal. With  1800  cells  the  glow  was  seen  at  a  distance  of  '0545 
and  with  2400  cells  at  a  distance  of  '0865  inches.  Moreover 
when  the  disc  was  positive  it  became  covered  with  a  peach-like 
bloom  which  became  stronger  in  the  center  as  the  tennmals  were 
approached,  giving  rise  to  Newton's  rings.  This  effect  was  next 
studied  with  the  whole  series  of  5640  ceils.  The  ^ow  was  now 
visible  at  r073  in.  and  the  spark  passed  at  '139.  Keplacing  the 
flat  disc  by  one  that  was  slightly  convex  the  glow  occurred  at 
ri24  in.  and  the  spark  at  '140.  Reversing,  the  current  gave 
sparks  of  *154  and  '164  in. 

To  ascertain  whether  a  current  really  passed  when  the  glow 
appeared,  vacuum-tubes  were  interposed  when  they  were  illumin- 
ated even  before  the  glow  appeared.  Of  course  the  striking  dis- 
tance was  in  this  case  shortened.  With  a  hydrogen  tube  having 
a  resistance  of  190,000  ohms  the  glow  occurred  at  -939  and  the 
spark  at  '092  inches.  A  31-inch  tube  was  brilliantly  illuminated 
when  interposed  between  one  terminal  and  the  battery,  when  the 
terminals  were  separated  to  the  extreme  range  of  the  discharger  or 
1  -2  in.  and  before  any  glow  was  visible  at  the  negative  electrode. 
Later  a  current  was  obtained  with  the  negative  point  5*1  in.  dis- 
tant from  a  positive  plate  6  in.  in  diameter. 

Considerable  difficulty  was  experienced  in  measuring  the  resist- 
ance of  the  tubes,  and  it  soon  appeared  that  this  resistance  rapidly 
increased  as  the  current  passed.  After  a  time,  however,  they 
recovered  their  original  resistance.  Ultimately  it  was  found  to 
l>e  better  to  discard  the  indications  of  the  galvanometer  and  to 
rely  solely  on  the  appearance  of  a  luminosity  in  the  tubes  placed 
on  one  side  of  Wheatstone's  bridge  as  soon  as  the  insertion  of  a 
balancing  resistance  was  made  in  the  other.  A  curious  conclusion 
is  derived  from  the  law  that  the  length  of  spark  is  j)roportional  to 
the  square  of  the  number  of  cells,  if  it  proves  to  be  correct.  One 
cell  would  give  a  spark  about  '00000001  in.  long  while  a  hundred 
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thousand  which  come  within  the  limit  of  experimental  possibility 
would  give  a  spark  about  92  inches  long.  Probably  a  millioQ 
would  never  be  made  but  they  should  give  a  spark  9166  inches 
or  764  feet  long. — Nature^  xiii,  277.  b.  a  p. 

1 0.  Acoustics,  Letter  to  the  editors  by  Professor  A.  M.  Matbr, 
dated  Stevens  Institute  of  Technology,  Hoboken,  New  Jersey, 
March  17th,  1«76. — Gentlemen:  Having  in  hand  researches  whose 
completion  will  occupy  several  months,  I  desire  to  place  on  record 
my  invention  of  the  two  following  methods  of  research.  The  first 
is  a  plan  for  the  determination  of  the  relative  intensities  of  sounds 
of  the  same  pitch.  The  second  is  a  method  of  determining  the 
direction  of  sounds,  I  request  the  privilege  of  being  permitted 
first  to  attempt  to  develop  these  iaeas  afler  I  have  finished  the 
original  work  which  at  present  occupies  all  my  leisures. 

First  method.  A  loose  membrane,  or  a  slip  of  gold  or  alumin- 
ium foil,  is  placed  anywhere  between  the  centers  of  origin  of 
two  sounds  of  the  same  pitch.  The  plane  of  this  membrane  is  at 
right  angles  to  the  line  connecting  these  sonorous  centers.  If 
both  sides  of  the  membrane  are  simultaneously  acted  on  by  sono- 
rous vibrations  of  the  same  ph^se  and  of  equal  intensity,  the  mem- 
brane will  remain  at  rest.  The  above  condition  is  thus  attained. 
Attach  to  the  center  of  the  membrane  a  short  delicate  glass 
thread  whose  end  can  be  obser\'ed  through  a  microscope,  or,  place 
a  reflecting  metallic  film  on  the  central  part  of  the  membrane  so 
that  one  can  observe  the  motion  of  a  beam  of  light  reflected 
therefrom.  If  we  place,  at  hazard,  the  membrane  between  the 
sonorous  centers  it  is  probable  that  it  will  be  set  in  vibration. 
Now  if  it  is  moved  from  its  position  its  vibrations  will  either  in- 
crease or  decrease  in  amplitude.  Move  it  in  the  direction  that 
causes  the  amplitude  of  the  vibrations  to  decrease,  and  until  the 
vibrations  have  a  minimum  of  swing.  The  membrane  is  now  in 
a  plane  where  the  phases  of  vibration  are  the  same  but  of  u?iequal 
intensity.  The  membrane  is  now  moved  one-half  wave-length 
either  from  or  toward  one  of  the  sonorous  centers  and  is  thus 
brought  into  another  plane  of  minimum  vibration.  Thus  move 
the  membrane  until  it  is  brought  into  that  plane  where  vibrations 
of  the  membrane  are  either  entirely  destroyed  or  have  their  least 
amplitude.  If  the  membrane  vibrates,  then  move  it  and  the 
source  of  one  of  the  sounds  so  that  they  both  approach  to  or  re- 
cede from  the  other  sonorous  center  always  by  the  same  quantity. 
This  is  accomplished  by  moving  a  board  to  which  is  attached  the 
membrane  and  one  of  the  sources  of  sound.  By  the  last  adjust- 
ment we  can  soon  reach  a  plane  where  the  membrane  remains  at 
rest  and  where  the  intensities  of  the  two  sonorous  vibrations  are 
equal.  It  appears  that  I  have  thus  devised  a  phonometer  which  is 
analogous  to  the  photometer  of  Bunsen. 

The  above  method  appears  to  me  preferable  to  the  phonometer 
I  described  in  this  Journal,  Feb.,  1873.  There  are  objections  to 
the  use  of  resonators  and  reflection  which  I  cannot  here  explain. 

Second  method.     If  the  plane  of  a  free  membrane  be  placed  at 


Botany  and  2joology.  826 

right  angles  to  a  wave-front  it  cannot  vibrate,  for  both  of  its  sides 
are  simultaneously  acted  on  by  impulses  of  the  same  phase  and 
of  equal  energy.  Thus,  by  bringing  the  plane  of  a  membrane 
into  that  azimuth  where  it  remains  at  rest  we  shall  have  found 
the  plane  passing  through  the  center  of  origin  of  the  sound.  I 
also  propose  the  use  of  two  resonators,  or  of  two  ear  trumpets, 
placed  at  the  ends  of  a  long  horizontal  rod  which  rotates  around 
a  vertical  axis.  I  may  thus  obtain  an  increase  in  the  aural  paral- 
lax. Bv  rotating  the  horizontal  rod  around  its  center  I  may  be 
able  to  oring  the  two  sonorous  sensations  either  to  disappear,  or  to 
become  of  equal  intensity,  and  by  these  indications  to  arrive  at 
the  direction  of  a  sound.  The  last  mentioned  idea  may  develop 
into  something  useful  to  the  mariner  who  has  to  ascertain  the 
direction  of  a  fog  signal. 

IL   BOTAKY  AND  ZoOLOGY. 

1.  Botanical  CotitribiUionSy  separately  issued  from  the  current 
(eleventh)  volume  of  the  Proceedings  of  the  American  Academy 
of  Arts  and  Sciences. — These  are,  first,  a  series  of  miscellaneous 
contributions,  characters  of  new  species,  and  several  new  genera, 
mainly  Califomian,  by  Asa  Gray.  The  paper  begins  with  the 
discrimination  of  two  plants  which  have  long  been  confounded, 
namely,  Sedum  pusiUum  of  Michaux  and  Diamorpha  jmsilla  of 
Nuttall.  They  grow  together,  but  are  distinct  enough  in  appear- 
ance as  well  as  in  structure  when  seen  in  the  living  state,  as 
they  were  by  the  author  of  this  paper  a  year  ago.  There  is  a 
revision  of  the  genus  Collinsia^  of  the  North  American  species  of 
MimulvSy  twenty-nine  in  number,  and  of  Monardella,  eleven  in 
number. 

The  other  papers  are  by  Sereno  Watson.  1.  On  the  Flora  of 
Guiidalupe  Island^  Lower  California,  founded  upon  a  unique 
collection  of  dried  plants  made  by  Dr.  Edward  Palmer.  2.  List  of 
the  collection  with  Dr.  Palmer's  notes  upon  them.  There  is  a 
notable  amount  of  new  species,  and  two  new  genera.  These  are 
characterized,  as  are  the  new  Gamojietalce^  l>y  Prof.  Gray  in  his 
paper  above  mentioned,  as  to  the  remainder  by  Mr.  Watson  in  his 
third  article,  entitled,  Descriptions  of  New  Species  of  Plants 
chiefi/  Califomian^  with  Revisions  of  certain  Genera.  The  other 
new^  8[)ecies  described  and  the  revisions  are  mainly  such  as  came 
to  light  in  Mr.  Watson's  work  on  the  Poli/petala^  of  the  Uotany  of 
Calitbrnia,  soon  to  be  published.  Amonu:  them  are  many  plants 
of  much  interest,  such,  for  instance  as  secon«l  species  of  the  genera 
Crossosma^  Li/roca}pa  and  Adolphia,  Cercldium  is  shown  to  be- 
long to  Parkinsonia.  A  revision  is  made  of  the  Xorth  American 
species  of  IVifolium^  also  of  Lathyrus  and  Peucedanum^  both 
very  critical  works ;  and  the  cucurbitaceous  genus  Megarhiza  of 
Torrey  is  re-established  upon  five  species.  Mr.  Watson's  descrip- 
tions, as  usual,  are  in  the  English  language, — an  advantage  in 
home  but  not  for  foreign  use.  a.  g. 
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2.  Botanical  Necrology  of  1876.  On  the  home  list  only  one 
name  recurs  to  memory,  that  of 

Incbkase  Allen  Lapham,  LL.D.  He  died  September  ]4,  in 
the  64th  year  of  his  age.  A  beautifal  tribute  to  his  memory,  read 
before  the  Old  Settler's  Club,  of  Milwaukie,  by  S.  S.  Sherman, 
Esq.,  lias  just  been  printed,  and  is  noticed  on  a  following  page. 
An  excellent  portrait  is  prefixed. 

The  following  botanists  have  deceased  in  Europe  : 

Friedrich  Gottlieb  Bartling,  one  of  the  oldest  professors  at 
Gottingen,  a  veteran  teacher,  but  not  a  voluminous  author; 
aged  77. 

Alexandre  Horeau,  of  Angers,  France,  author  of  the  Flora 
du  Centre  de  la  France. 

John  Edward  Gray,  March  7,  at  the  age  of  75.  Principally 
known  as  a  zoologist,  some  of  his  earliest  work  was  in  botany.  A 
notice  of  his  life  and  services  appeared  in  this  Journal,  voL  x, 
p.  78. 

Jean  Charles  Marie  Grenier,  one  of  the  authors  of  the 
classical  Flora  de  France,  died  at  Besan^on,  in  the  69th  year  of  his 

age. 

Daniel    II anbury,  died  at  Clapham,  March  24,  in  his  50th 

year.     A  notice  appeared  in  this  Journal,  vol.  ix,  p.  75.     We  learn 

that  his  scattered  writings  are  to  be  collected. 

Ri'DOLPn  FreidrichHoiiexiiacher,  died  at  Kirchheimin  Wmv 
temburg,  late  in  the  preceding  year,  November  14,  1874.  He 
was  in  early  life  a  missionary  at  Astrakan,  and  was  afterward  in 
the  Caucasian  provinces.  He  was  one  of  the  founders  of  the 
Unio  Itinerario,  and  he  sur\  ived  his  associates,  Steudel  and  Hoch- 
stetter. 

Lieut.  General  Jacobi,  the  monographer  of  Agave^  died  at 
Berlin,  early  in  the  year. 

Ernst  Fkrdind  Nolte,  of  Kiel,  a  veteran  botanist,  who  had 
retired  from  his  professorship  a  year  or  two  ago,  died  February 
13,  at  the  age  of  84. 

GusTAVE  Thuret,  died  suddenly  at  Antibes,  France,  May  17, 
at  the  age  of  58.  A  brief  notice  of  this  sad  loss  was  given  in  vol. 
X,  p.  67.  Among  other  tributes  to  his  memory  is  one  by  Rosta- 
finski  in  the  Botanische  Zeitung,  for  July  30.  Also  one  by  Pro- 
fessor Farlow  in  Trimen's  Journal  of  Botany,  for  January  last. 

AnoLPHE  BuoxGNiART.  Wc  Icam  that  this  veteran  botanist 
and  vegetable  paleontologist  died  at  Paris.  a.  g. 

3.  Life  llistones  of  Animals^  including  Man^  or  Outlines  of 
Comparative  Emhryologu  ;  by  A.  S.  Packard,  Jr.  8vo,  239  pp. 
with  208  cuts.  New  York,  1876.  (Henry  Holt  &  Co.)— This  work 
consists  of  a  series  of  papers  published  in  the  American  Naturalist 
during  the  ])ast  year,  with  the  addition  of  a  few  pages  on  mam- 
mals and  nearly  three  on  man.  Although,  according  to  the  pre- 
face, the  original  papers  have  undergone  ^'  careful  revision,"  we 
regret  to  notice  many  serious  eiTors  and  inaccurate  statements 
that  have  been  allowed  to  remain,  and  are  much  less  excusable  in 
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be  permanent  book  fonn  than  in  mere  magasine  articlet.  Most 
f  these  errora  mast  evidently  be  attributed  rather  to  carelessness 
Q  the  mode  of  statement  than  to  lack  of  knowledge  on  the  part 
f  the  author.  Ilius  on  page  187,  after  properly  describing  the 
ote  of  Crustacea  as  having  only  ^'  antennsB,  jaws  and  foot-jaws^' 
Dr  locomotive  appendices,  he  states  that  he  has  examined 
Tektsimi  carrying  eggs  which  '^contained  xote,  with  the  two 
law8  alike,  and  it  is  probable  that  the  strange  inequality  in  size 
>f  the  daws  in  these  animals  does  not  show  itself  until  after  one 
\T  more  mouitSb''  What  such  an  incongruous  statement  means 
!an  scarcely  be  imagined,  for  the  '^  claws'^  and  other  legs  are  not 
!ven  formed  until  a  much  later  period,  and  it  is  well  known  that 
lo  such  inequality  exists  in  the  adult  females,  nor  even  in  the 
roung  males  until  after  they  become  genuine  little  6ddler-cral>s. 
)n  page  216  he  says:  'Hhe  tadpole  is  much  less  developed  than 
he  larval  fish  or  any  other  vertebrate ;  the  intestine  is  not  yet 
ormed,''  but  in  the  next  sentence  he  adds :  '*  It  is  also  a  vege- 
arian,  eating  decaying  leaves;  the  mouth  is  small  and  round,  the 
klimentary  canal  is  remarkably  long,  the  intestine  coiled  up  in  a 
piral,  the  mouth  is  small,  destitute  of  a  tongue."  On  page  157 
le  says  of  the  Gephyrea:  ''In  none  of  these  worms  are  there 
>r]stles  or  indications  of  segments,"  forgetting  the  well-marked 
egments  and  conspicuous  setSB  of  Echiurus^  and  the  less  numer- 
ous ones  of  Thalcusefna  and  other  genera.  On  page  120  he  says: 
^  There  in  in  the  Annelids  a  dorsal  and  ventral  blood-vessel,  the 
;irculatory  apparatus  being  closed  and  more  highly  developed 
han  in  the  Crustacea  and  Insects,  Lim\du8  excepted,"  but  this  is 
)y  no  means  true  of  all  Annelids,  for  in  many  genera  {Polycirrua^ 
Ic,)  there  are  no  blood-vessels  whatever,  and  many  others  have 
I  very  imperfect  system  of  vessels.  On  page  117,  ng.  126  is  said 
o  represent  a  later  stage  of  Loligo  than  fig.  126,  but  the  reverse 
s  true.  On  page  78  it  is  said  that  ''  in  the  stai^fishes  and  Holo- 
huriaiis,  the  alimentary  canal  opens  into  five  voluminous  ciccal 
appendages,"  and  that  these  **  are  in  connection  with  the  coinpli- 
:ated  water  tubes"  (ambulacral  tubes  and  suckers).  The  latter 
.tatement  is  entirely  erroneous,  or  at  least  misleading,  and  the 
bmier  is  not  true  of  most  Holothurians,  nor  even  of  all  staivfishes. 
The  statement  on  page  79,  that  "in  those  star-fishes  in  which  the 
ilimentary  canal  is  a  blind  sac,  the  eg^s  are  emptied  into  the 
)0(ly  cavity"  is  also  incorrect,  at  least  for  most  species.  The 
tatement  (p.  70)  that  "in  the  Ilydroids  also  the  ovaries  hang 
mtside  the  body  cavity  "  is  inaccurate,  as  are  also  the  statements 
I).  63)  that  only  one  vase  of  mult ipliv*at ion  by  fission  has  been 
►bserv'e<l  among  liydroids,  and  on  page  58,  that  the  "ovaries"  of 
Hydra  "  differ  entirely  in  their  mode  ot  formation  from  the  ovaries 
onophores)  of  the  marine  liydroids,  which  are  genuine  buds." 
he  account  of  Physalia  (p.  65) ;  that  of  the  growth  of  septa  in 
r^olyps  (p.  71);  of  the  development  of  barnacles  (p.  169),  and 
nany  other  paragraphs  need  revision.  The  i>eculiar  mode  of 
ievelopment  of   Ihd/ul^trice^  in  which   the   embryo  becomes  an 


ri 


828  Scientific  InieUigenoe. 

"actiimla"  withoat  going  through  a  ''planula^  stage,  is  not 
alluded  to,  the  planula  stage  being  given  as  a  stage  of  all  Hy- 
droids  (p.  66).  On  page  336  "  Diddphia  "  is  used  where  Mano- 
delphia  is  intended.  The  five  diagrammatic  figures  on  p.  225,  given 
to  illustrate  birds  (fowl),  would  serve  better  for  mammalian 
embryology.  The  li»ts  of  works  given  at  the  end  of  each  chap- 
ter are  very  incomplete  and  unsatisfactory,  many  of  the  latest  and 
most  important  books  being  omitted  from  most  of  them.  Thus 
under  Hydroids  the  works  of  Uincks  aad  Allman,  both  of  which 
contain  much  of  importance  on  embryology,  are  omitted.  The 
magnificent  treatise  on  Tubularians  by  the  latter  is  certainly  one 
of  the  most  important  hitherto  published,  both  for  the  embryology 
and  structure  of  Ilydroids.  The  recent  extensive  work  on  the 
Nemerteans  by  Mcintosh  is  not  mentioned,  though  it  contains  the 
embryology  of  the  group.  Cobbold's  works  are  only  once 
alluded  to,  and  are  not  mentioned  under  those  groups  of  Helminths 
upon  which  he  has  done  the  most.  The  very  valuable  works 
01  G.  1).  Sars  on  various  Crustacea,  including  the  discovery  of 
the  very  remarkable  phenomena  in  the  embryology  of  Cladocera^ 
are  not  referred  to.  Most  of  these  are  works  written  in  English, 
and  should  be  well  known  to  the  author  of  a  work  on  embryology. 
Certainly  references  to  such  works  would  have  been  more  useful 
for  most  of  his  readers  than  those  that  he  gives  to  special  papers 
in  the  German  and  Russian  periodicals,  which  are  generally  inac- 
cessible, however  valuable  they  may  be.  In  spite  of  these  defects 
the  book  will  doubtless  prove  to  be  a  very  useful  one,  there  being 
no  other  work  in  English  covering  the  same  ground.  v. 

4.  On  some  Remarkable  Farms  of  Animal  Life  from  the  great 
deeps  off  the  Norweginn  Coast,  II.  Researches  on  the  Structure 
and  Affinity  of  the  genus  Jirisinga,  based  on  the  study  of  a  new 
species^  Brisinga  coronata ;  by  George  Ossiax  Sars,  (Univer- 
sity-Programme for  the  last  half-year,  1875.  Christiania). — In  this 
vul'iable  momoir,  which  is  illustrated  by  seven  excellent  plates. 
Professor  Sars  has  given  a  detailed  description  of  the  anatomy, 
physiology,  and  development  of  the  genus  Brisinga^  perhaps  the 
most  remarkable  form  of  star-fish  hitherto  discovered.  The  author 
also  discusses,  at  considerable  length,  its  relations  to  other  star- 
fishes, recent  and  fossil,  as  well  as  to  Echinoderms  in  general,  and 
the  relation  of  Echinoderms  to  the  Annelids.  He  regards  Bri- 
singa as  the  most  generalized  form  of  staivfish,  and  consequently 
of  Echinoderms,  and  supposes  it  to  be  one  of  the  little-modified 
survivors  of  a  primitive  type  from  which  the  other  forms  of 
Echinoderms  have  descended.  It  has  affinities  to  the  most  ancient 
fossil  starfishes  of  the  Palaeozoic  rocks  (Protaster^  etc.) 

The  existence  of  a  genuine  vascular  system,  distinct  from  the 
general  perivisceral  cavity  and  its  extensions,  is  denied  both  in  the 
case  of  this  genus  and  of  other  star-fishes.  The  author  also  states 
that  there  is  no  anal  orifice,  although  there  is,  as  in  other  star- 
fishes, a  dorsal  gland,  with  a  narrow  duct  opening  on  the  dorsal 
sui-face,  and  he  suggests  that  this  duct  has  in  other  star-fishes  been 
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mistaken  for  an  intestine,  and  its  outlet  for  an  anas,  the  existence 
of  which,  in  any  star-fish,  he  doubts.  Prof.  Sars  adopts  the  view, 
previously  advanced  by  Duvemoy,  Huxley,  and  UsBckel,  that  an 
Kchinoderm  is  a  cluster  (or  "conius")  composed  of  several  articu- 
lated zo5ids  ("persons")  united  by  their  anterior  ends.  v. 

5.  A  Course  of  Practical  Instruction  in  J£lementary  Biology  / 
by  T.  H.  Huxley,  assisted  by  H.  N.  Mabtin.  268  pp.  small  8vo, 
without  illustrationet.  (Macmillan  &  Co.)  1875. — ^The  publishers 
have  seen  fit  to  over-burden  this  otherwise  excellent  little  manual 
with  an  exorbitant  price  ($2.50  in  the  U.  S.),  which  will  doubtless 
prevent  its  adoption  in  many  cases  where  it  should  be  used.  It 
contains  very  full  descriptions  of  the  structure  of  a  number  of  di- 
verse forms  of  plants  and  animals,  with  plain  and  explicit  directions 
how  to  dissect  and  study  them.  v. 

6.  Crustacea  of  Mexico  and  Central  America,  Mission  Scien- 
tifique  au  Mexique  et  dans  I'Am^rique  Centrale,  publi^par  ordre 
du  Ministre  de  I'lnstruction  PubHque.  Etudes  sur  les  Xiphosures 
et  les  Crustaces  de  la  rkgion  Mexicane^  par  M.  Alphoxse  Milne- 
Edwabds.  4to,  Pai-is:  r**  et  2*"  livraisons,  pp.  66,  plates  1-14, 
1873  ;  3<^  livr.,  pp.  57-120,  plates  15-20,  1875.— These  memoirs  are 
published  in  the  same  elaborate  and  sumptuous  style  as  the  other 
works  of  this  series,  and  are  by  far  the  most  extensive  and  important 
contribution  yet  made  to  our  knowledge  of  the  crustaceans  of  the 
tropical  region  of  America.  The  first  forty  pages  and  twelve 
plates  are  devoted  to  an  elaborate  study  of  the  anatomy  of  Limulus, 
the  substance  of  which  had  previously  appeared  in  the  Annates 
des  Sciences  Naturelles  during  the  delay  in  the  publication  of  the 
present  work.  The  second  memoir  is  devoted  to  a  systematic 
account  of  the  stalk-eyed  Crustacea  of  the  Mexican  region,  includ- 
ing Central  America,  Lower  California,  the  Galapagos,  and  the 
'V\  est  Indies.  This  memoir,  beginning  with  the  Maioidea,  treats, 
thus  far,  of  the  Pericerince^  Pisimp,  and  Mithracince,  including 
tw^enty-three  genera,  or  sub-genera,  and  seventy-four  species.  A 
large  proportion  of  the  species  are  represented  on  the  plates  by 
beautiful  figures  of  the  entire  animals,  and  numerous  details. 
Twelve  of  the  species  and  five  of  the  g^enera  are  described  as  new. 
The  author  states,  in  the  introduction,  that  a  large  part  of  the  col- 
lections obtained  by  the  Mexican  Commission  were  destroyed, 
during  the  bombardment  of  Paris,  by  the  explosion  of  a  Prussian 
shell  which  had  passed  through  the  cases  containing  the  concho- 
logical  collections.  On  this  Jiccount  the  work  is  based  to  a 
considerable  extent  on  collections  received  from  the  United  States, 
particularly  from  the  Smithsonian  Institution  and  the  Museum  of 
Comparative  Zoology  at  Cambridge.  s.  i.  s. 

7.  Cumacea  from  great  depths  in  the  Arctic  Ocean  /  by  G.  O. 
Saks.  12  pp.  4to,  with  4  plates.  (From  the  Svenska  Vetenskaps- 
Akaderaiens  Handlingar,  Bandet  xi  ;  Stockholm,  1873.) — This  is 
the  third  of  Professor  Sars's  richly  illustrated  memoirs  on  the 
Curaacea,  and  treats  of  five  species  from  the  Arctic  Ocean.  Dias- 
tylis  polaris  and  T>,  stygia  are  from  the  remarkable  depths  of  950 
and  2600  fathoms  respectively.  s.  i.  s. 
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'  .V'-"  •'  /'i''.  ■'-»iM  •>-' -\>--  Z^'ila^d. — Remains  of  skeletons 
•r  *.r->r  M  i*  r.^ve  '-r^D  dx^^^OTeiv-i  al<>ns  the  )>eaoh,  north  of 
^^  i  i:  ri>  :  Hr*!*,  •irry  s-le*  north  of  Auekl:in«l.  Several  human 
*k-l  *  .-.  ■  i  .^  ni  !r:«r  r.-:nin  ?kt'let«>n  in  sittinv;  posture  (the  n^ual 
'•  -.-;  -J  :■ '?:-rr  iri-r.j  'h^  r.ativesi  were  found  with  the  Moa 
':•  •_ — .     :'"•-".;>>.  ;.••  Ma  >->nrs  ha  1  V«een  found  north  of  Auck- 
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- .    '   '  •  ."  -  •-  » .^  ^^r  I  -  r  >^   'f 'J  •"»'/:  /  #■  ■•  f  A  ^  rV •  tturf^  nf  Cam  ivorout 
_V  '«    --  ',    ^'.-     7r  .'**!> I* •    "J    .S.>»'M    -l/W'vf.  —  Professor 

•  •-.  TV  •,ii  :-:-."ri'*r  i,  ir.  ■\  pai^-r  r^-a-i  >Ht\'reiht-  Geilogioal  Society 
::  L  r  i  -  i  F-r'^rii-y  -L  s  ..^r::iv..ro:i«  reyitile,  named  by  him 
'-\ '  ■  ■*-  s  ■?/  -.  wr.;ci  y.s«  :hr  o--raprvs?eil  >abre-sh:iped  eanines 
o:  :'-:  Li.r  :  ::.^  ire-  :*  -V '  A  » r-.vf*  *,  and  resembles  Carnivore? 
":•  *■  .:  "i-.  i-ine*  ir.i  '.I'-is-'-r*.  In  '.ht-  lower  jaw  the  bases  of 
eij": :  .•  :s  -??  ir  :  -•: :  w  -  .^^r.iuv*  very  iuK-rior  iu  size  to  the  canines 
::  ■'■■.  .;.  -.-rr  "iv  arv  v:«:Ve.  ar.d  thr  canines  are  separated  by  a 
diis:.-.-.^  •>  r.  :'ir  :-■■«■  :>i.  In  tlis  oljaracter,  as  in  the  nunilter 
•■•  .:  is  :>•.::■.  :'.s*i'. -^-^t:- '■'.es  a  />••/-?-■/■• 'y^.  '"The  let\  humerus 
:*  .  -^  -  "^  '  'J.  >.;:  >  ri-'radt-i  at  )--th  f x.t rem i ties:  it  presents 
^■ :  ~.  :  "^,  r  :\-.  --'.^rs  :  r  n-.Tis-^iiar  a:taohment,  in  the  provision 
:  -  -'t  r  v.:  :.  •  :"  v  :  -varm.  and  in  tht-  j»nsi*nc*?  of  a  strong 
":•  :  *■  :: '  j-.-  :  -  :'--  :  *:•>:"■  ::  •■:  The  main  arttrv  ami  nerve  of  the 
:  ~  t~~  .  «  :  »r:r:" '.-.  '.':.  ^.-  'Xx^.irnn^  in  caniivonnis  mammals, 
.*r  "-  -:  •■  •.  ;.  :■  -":  l  F-/i  :*,  :■!: h •>;;;: ii  thesi*  iHrcuiiarities  are  asso- 
:  ■  ■  ■-  •  '  -■-->&  ■  'ivir. J  :..^  irammalian  re>emblauoos.-'  "  Prof 
^"-  -  *  .>>-<  •':  -.sr  'x-v.  :rr4  r.\  dt-tail.  and  indicates  that  there 
>.  ■  "■     *.'•  ;."  r--<s:.^  Iao'.>:n!f  de|>«»sits  of  S:»uth  Africa,  a 

"^  .         J*     ■     :"_■-.    -~.    ■■    '. ".  y.n J  G  fU^iurt/^^  f^u'rtK*rA*rf,ij^tft»/^  Ly- 

/'  -    -■         .<       r/  '  V' -■'"''•'/«!,  man v  rt:i»n.'sente*i  bv 

•    '     .  :    ^;.':-  !■.  ^.  .:.  1  ."»!'.  \  .irrrv.'.rons,  whi^h  have  more  or 

.'.**    .  .r..':  \    .:   :.7  i'.^j:^>;  avA  :••  them  hv  irivi-s  the  ijeu- 

:-.■'     y.  - ":  :*—  .  :<  >    :  ::  r  Ther:t>.l»riis  an.-  as  follow* :  den- 

:*  •  •    -    ■::.—:'.''    -    :>  tvi- :  ::-o:s-;^i^  -iotine'l  bv  i»osition,  anil 

':':".  •":-.  r/.    .'i>  ly  ;,  '..'»rj»:-  '.:i!i::iri form  canine  i»n  t-ach  side 

■:       *V  ;"»■•>.  :'r.:    !   -.  cr    a-:  "■  v    •^•-si'.'j  '\i\  :roni  "^f  thv  upj^er:  no 

t\  :  -  •-.  T   ::  ■  >  :  "r-.-r  . r :-  w  :     sv.  i-:  t-.i-ii-o  'dvlar  f»rameu  :  ditrital 

•  .-'  ^    :.        .:      .    V-  V    V  -.  ^;.f..  iv-r  March,  1S76. 

."     -  -.>•'    •   '     .   .!    "•     ..?    ^l'.'     'K     h\l    'lid    in     S-'lne    ff    its 

'     ■■   <  ■  ^'    ■  "*.  >     ■■.'\^  "J  fli  ir.rt^r  i/i  vhtcA  it  lir^s. 

—  \\  ,'  ^  -.vi  NK y "A —'-:=.:»:.::  uv.oes.  tha:  bv  in civasinir  tho  salt- 
•.•..-i^  :  :":  V  "vv;,:-. :  :■.  w  ■;  '.  ihv  .1-v  .Ai  $i;if  a  live"-,  a  nKMiiti- 
v\'.:".  ii  .>  ^'  :V  v.*  ji-.ir;::':  :*■  jcr.i  ration,  until  the  caudal 
\  "\s  rt  ;■,■'. \  ;:^.s:  •>..".  :■.:  :  :]  <  rVrm  :s  that  in  the  Art^mi'i  Mnhl- 
\'  .*■-."  ;  Arvi  Vy  T;  \  t  "^i: .:  :"  t  y-rvvo^s,  the  caudal  lobes  gn>w 
v^v.:  ."i^ :'•;••  s".:  K..*'.v.?  :':  o<i  ■  :'  A.  »'#':'•  ■•/.  In  1*^71  the  salt  mar^^hes 
a Vc ;;:  ^. V j c >s a  c^•  r : a " :  t  d  ^ rt  a:  n ;: m f ^e rs  t .f  A ,  f' rfih *i;  t h f  w aters 
thtr.  markt\l  only  S*  Riumc.     Anerwani,  on  the  repair  of  a  dyke. 
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the  saltness  iDcreased  to  14^  Baum^  in  the  summer  of  1872,  and 
25^,  in  August,  1874.  The  changes  in  the  species  were  then  first 
noted.  The  author  afterward  corroborated  the  fact  by  experiments 
on  ArtemisB  reared  in  captivity  in  water  of  which  the  saltness  was 
gradually  increased.  A  change  also  takes  place,  correspondingly, 
in  the  form  of  the  branchisB,  and  in  the  number  of  apodal  segments. 
— Ann.  Mag,  N,  JK,  March,  1876,  from  Zeitschr.  wiss,  ZooL^  xxv, 
Suppl.  i,  1875,  p.  103,  pi.  6. 

III.  Astronomy. 

1.  Astronomical  and  Meteorological  Observations  nmda  during 
the  year  1873,  a^  the  U.  8,  N,  Observatory/^  with  Appendix;  Kear- 
Admiral  B.  F.  Sands,  Superintendent.     Gov.  Printing  Office. 

This  volume  contains  the  record  of  a  year's  work  at  the  Obser- 
vatory, and  is  evidently  the  record  of  first  rate  work.  The  Appen- 
dix by  Professor  Newcomb  has  been  already  noticed  in  our  Feb- 
ruary Number. 

If  the  use  for  several  years  of  one  value  of  the  latitude  of  the 
Observatory  for  reducing  observations,  made  by  the  mural  circle, 
and  of  another  value  for  observations  made  by  the  transit  circle, 
were  the  deliberate  choice  of  the  Superintendent,  astronomers  would 
probably  think  bis  decision  unwise.  The  same  also  must  be  said  of 
using  a  different  latitude  each  year  for  the  final  tables  of  north 
polar  distances,  derived  from  the  observations  of  the  transit  circle. 
It  would  also  look  better,  to  say  the  least,  if  the  results  were  given 
in  the  same  denomination,  instead  of  north-polar  distance  for  one 
instrument,  and  declination  for  the  other. 

These  things  look  not  so  much  like  the  deliberate  choice  of  the 
Superintendent,  as  the  kind  of  little  irregularities  that  must  be  ex- 
pected from  a  system  that  makes  little  account  of  scientific  fitness 
m  appointing  the  Superintendent  of  a  scientific  institution.  We 
hope  for  better  things  from  the  present  Superintendent,    ii.  a.  n. 

2.  Auxiliary  Tables  for  detennining  the  angle  vf  position  of 
the  mui*s  axis  and  the  latitude  and  longitude  of  the  iktrth  referred 
to  the  Sun*s  equator:  by  Warrkn  De  La  Rue;  20  pp.  4to, 
London,  1875.     Printed  for  private  circulation. 

IV.  Miscellaneous  Scientific  Intelligence. 

1.  Third  Report  of  the  Settle  Cams  (  Victoria  Cave)  Committee 
of  Exploration ;  by  R.  H.  Tiddeman.  (Rep.  Brit.  Assoc.  1875.) 
— Mr.  Tiddeman  was  Secretary  of  the  Committee  in  charge  of  the 
exploration,  the  other  members  being  Sir  John  Lubbock,  Pro£ 
Hughes,  Prof.  Dawkins,  and  Mr.  L.  C.  Miall.  The  Victoria  Cave 
afibrded  the  preceding  year,  among  remains  of  Ursus  apelveus^  U, 
ferox^  Ilycena^  Hhifioceros  honitcechus^  JSison,  Cerviis  tlephaSy 
and  molars  of  Elephas  antiquics^  a  bone  pronounced  by  Prof. 
Busk  to  be  a  human  fibula.  Tliick  bowlder  deposits  covered  the 
entrance  to  the  cavern,  and  hence  the  remains  were  pronounced  to 
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be  pre-Glacial.  This  third  Report  states  that  great  progress  had 
finally  been  made  in  nnoovering  the  glacial  deposits  at  the  en- 
trance, in  which  were  bowlders  of  all  sizes  up  to  several  tons  in 
weight.  The  question  whether  "these  glacial  deposits,  which  rest 
upon  the  older  bone-beds  containing  the  remains  of  extinct  mam- 
mals and  man,  are  in  the  position  which  they  occupied  at  the  close 
of  the  Glacial  conditions,  or  have  subsequently  lallen  into  their 
present  site,"  is  answered  by  stating  that  the  new  facts  "go  to 
prove  the  first  alternative."  In  one  chamber  (numbered  D)  the 
upper  bone-bed  afibrded  remains  of  the  JBadger,  JBorse^  Pig^  Jteiii- 
deer^  Goat  or  ISheep^  and  was  peculiar  in  the  abundance  of  Rein- 
deer remains  and  the  absence  of  the  Elephant,  Rhinoceros,  Hippo- 
potamus, Hyaena,  as  if  it  were  of  the  Reindeer  epoch,  or  later ;  the 
lower  afforded  bones  of  Hycena^  Brown  Bear{f)^  Elephas  anti- 
quuSy  Bhinoceroa  heinitcBchuSy  HippopotamtM^  Bos  primigeniue ; 
while,  in  both,  there  occur  remains  of  Man^  Fox^  OAsly  Bear  and 
Red  Deer,  A  piece  of  a  human  rib  was  found  during  the  year  in 
the  lower  bed,  near  where  the  fibula  was  taken  out. 

2.  Aircmd  its  Relatiofis  to  Life;  by  Walter  Noel  Hartley, 
F.C.S.,  Kings  College,  London.  263  pp.  12mo.  New  York,  1875. 
(D.  Appleton  &  Co.) — This  very  readable  little  volume  contains 
the  substance  of  a  course  of  six  summer  lectures  delivered  in  1874 
at  the  Royal  Institute  of  Great  Britain.  The  author  exhibits 
the  rare  faculty  of  presenting  the  results  of  exact  science  in  a  form 
perfectly  intelligible  and  attractive  to  intelligent  people  not  famil- 
iar with  the  technical  language  of  science.  The  researches  of  the 
most  trustworthy  investigators  are  cited  with  good  judgment  from 
the  days  of  Black  and  Lavoisier  to  those  of  Retenkofer,  Angus 
Smith  and  Pasteur.  Indeed  it  is  not  easy  to  say  where  else  in 
English  we  can  find  so  full  a  statement  of  the  researches  of 
Pasteur  as  in  chapter  four  of  Mr.  Hartley's  essay. 

3.  Geological  and  Geographical  Survey  of  the  Territories^  Prof. 
F.  V.  Hayden  in  charge. — Bulletin  No.  I,  Vol.  II,  of  this  Survey 
has  appeared  It  contains  seven  articles.  Three,  by,  severally, 
Messrs.  Holmes,  Jackson  and  Bessels,  treat  of  the  Ancient  Ruins 
of  Southwestern  Colorado,  Utah  and  Arizona,  and  are  illustrated 
with  twenty-nine  octavo  plates,  of  cliff  dwellings  and  other  ruins, 
pottery,  utensils,  crania,  etc.  Of  the  remaining  four,  three  are 
short  articles  on  the  Ute  Indians,  by  E.  A.  Barber ;  and  a  fourth 
consists  of  descriptions  of  thirty-one  new  species  of  fossil  Coleop- 
tera  from  the  Tertiary  formations  of  the  West,  by  S.  H.  Scudder. 
The  volume  is  full  of  interesting  facts  in  American  Archaeology, 
and  the  maps  and  plates  illustrate  well  the  subjects  discussed. 

3.  Conpressed  Peat, — Peat  pressed  into  blocks  and  made  so 
compact  that  a  cubic  foot  weighs  85  to  100  pounds,  is  manufac- 
tured by  Mr.  A.  E.  Barthel,  of  Detroit,  Michigan,  and  sells  for  one 
and  a  half  dollars  per  ton. 

4.  Report  of  the  Superintendent  of  the  U,  S.  Coast  Survey^ 
showing  the  progress  of  the  Survey  during  1872.  This  report 
contains  18  appendixes,  among  which  we  note  the  report  of  Assis- 
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tant  Cuttfi  and  Prof.  Young  of  ABtronomical  and  Meteorological 
observations  made  at  Sherman,  Wyoming  Ter.,  pp.  75-172;  and 
a  preliminary  report  on  transatlantic  longitude,  by  Pro!  Hilgard, 
pp.  227-234. 

Notioos  of  the  following  new  publications  have  been  excluded  from  this  number 
b7  want  of  space. 

Qeologioal  Sunrey  ol  Ohio.  Paleontology,  toL  iL  436  pp.  Svo,  with  numerous 
plaies.    A  volume  of  great  value. 

Mineral  Resouroes  West  of  the  Bockj  Mountains.  7th  Annual  Report,  by  B. 
W.  Baymond.    540  pp.  8yo.    Washington,  1875. 

Second  Qeological  Survey  of  Pennsylvania.  Report  of  Progress  in  the  Clear- 
field and  JefEerson  District  of  the  Bituminous  Coal-fields  of  Western  Pennsylvania, 
by  Franklin  Piatt  296  pp.  Svo,  with  139  wood-cuts  and  10  maps  and  sections. 
Harriaburg,  Pa.,  1874. 

Bulletin  of  the  U.  S.  National  Musemn.  No.  1  by  B.  D.  Cope,  and  No.  2  by  J. 
H.  Kidder.    Smithsonian  Institution,  1875. 

Report  on  the  Geology  of  a  portion  of  Colorado,  by  John  J.  Stevenson.  372  pp. 
4to,  1876.    Beprinted  from  Lieat  Wheeler's  Survey  Beport)  voL  iii. 

Beport  of  the  Chief  Signal  Officer,  War  Department,  1875.  476  pp.  8vo,  with 
numerouB  maps. 

OBrruART. 

L  A.  Lapham,  LL.D. :  a  Biographical  Sketch,  by  S.  S.  Sherman. 
80  pp.  Byo,  1876. — This  memoir  is  a  very  just  tribute  to  the  mem- 
ory of  Dr.  Lapham,  who  died  at  Milwaukee,  Wisconsin,  in  Septem- 
ber, as  already  stated  in  this  JoamaL  Dr.  Lapham  was  a  man  of 
very  varied  mowled^e  and  scientific  labors.  Early  in  life,  while 
engaged  in  engineering  duties,  he  began  a  collection  of  plants, 
which  at  his  death  numbered  8,000  species,  and  he  also  published 
papers  on  the  geology  of  portions  of  Onio.  Moving  to  Milwaukee  in 
1836,  he  commenced  observations  on  the  topography,  soil,  mineral 
and  other  industrial  resources,  of  Wisconsin,  and  on  the  commerce 
and  navigation  of  the  lakes,  and  kept  tables  of  the  daily  tempera- 
ture, rain-fall,  and  other  meteorological  phenomena;  and  in  1844 
he  published  for  Wisconsin  a  volume  of  250  pages,  on  these  topics. 
He  afterward  contributed  Agricultural,  Botanical  and  Geological 
papers  to  the  Transactions  of  the  Wisconsin  State  Agricultural 
Society,  among  them  a  valuable  treatise  of  nearly  100  pages  on 
"  The  Grains  of  Wisconsin  and  adjacent  States,"  a  paper  which 
he  afterward  extended  to  a  manuscript  volume  of  574  pages  on  the 
GraminesB  of  the  United  States,  but  which  remains  unpublished. 
The  fluctuations  in  the  level  of  Lake  Michigan  early  engaged  his 
attention,  and  in  1849  he  announced  his  discovery  of  '^  a  blight 
lunar  tide  in  Lake  Michigan."  The  study  of  Indian  mounds  of 
Wisconsin  occupied  much  of  his  time,  and  as  early  as  1836  he 
called  attention  to  a  turtle-shaped  mound  at  Waukesha.  He  was 
the  first  to  notice  that  many  of  these  aboriginal  earthworks  are 
**  gigantic  basso-relievos  of  men,  beasts,  birds  and  reptiles,"  His 
well  known  and  highly  valued  "Antiquities  of  Wisconsin,"  printed 
by  the  Smithsonian  Institution,  is  a  large  quarto  volume,  contain- 
ing 66  plates  and  numerous  wood-engravmgs,  all  from  his  own 
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drawings.  One  of  bis  last  labors  was  tbe  preparation  of  a  series 
of  models  of  tbe  Indian  mounds  for  tbe  Centennial  Exbibition  of 
1876. 

Anotber  subject  wbicb  occupied  bim  was  Meteorites;  and  pecu- 
liar crystalline  markings  in  a  Wisconsin  meteorite,  first  noticed  by 
bim,  were  designated  by  Dr.  J.  Lawrence  Smitb,  in  a  paper  on  tbe 
meteorite  in  tbis  Journal  (U,  xlvii,  271),  Laphamite  markings, 

Tbe  establisbment  of  tbe  Signal  Service  Bureau  at  Wasbington 
in  1869  was  due  largely  to  personal  effort  and  influence  on  tbe 
part  of  Mr.  LapbauL 

Dr.  Lapbam  was  placed,  in  1873,  at  tbe  bead  of  tbe  Geological 
Survey  of  tbe  State  of  Wisconsin,  a  position  for  wbicb  be  was  well 
fitted :  and  tbe  Survey  went  forward  witb  energy  and  important 
results  tbrougb  tbat  year  and  1874.  To  tbe  misfortune  of  science 
and  tbe  State,  be  was  deposed  at  tbe  close  of  1874,  and,  through 
political  management,  a  man  ignorant  of  geology  was  substituted. 
It  was  a  serious  disappointment  to  Dr.  Lapbam,  and  not  less  so  to 
all  friends  of  science  m  tbe  land.  ^^  His  abrupt  dismissal  was  all 
tbe  more  cruel  because  tbis  was  tbe  only  opportunity  be  ever  bad 
of  perfecting  and  giving  to  tbe  public  in  a  permanent  form  the 
results  of  a  life-work  in  the  geology,  natural  history  and  industrial 
resources  of  tbe  State." 

Dr.  Lapbam  was  active  also  in  all  educational  movements;  a 
founder  of  tbe  Milwaukee  Female  College,  a  liberal  contributor 
to  tbe  Cabinet  of  tbe  Wisconsin  State  University,  and  one  of  the 
founders  of  tbe  Wisconsin  Historical  Society,  and  of  tbe  Wiscon- 
sin Academy  of  Sciences. 

Rev.  Augustus  Wing,  of  Rochester,  Vermont,  died  in  Whiting, 
in  that  State,  on  the  19tb  of  January,  aged  sixty-seven  years.  Mr. 
Wing  was  a  graduate  of  Amherst  College,  of  tbe  class  of  1836. 
Although  not  a  geologist  bjr  profession,  a  large  part  of  bis  time  for 
many  years  bad  been  spent  in  tbe  study  of  the  rocks  of  Vermont, 
and  especially  of  tbe  crystalline  limestone,  quartzyte  and  slates  of 
the  central  portion  of  the  State.  By  the  discovery  of  Lower  Silu- 
rian fossils  m  tbe  crystalline  limestone  at  several  different  localities 
he  threw  much  light  on  the  geology  of  metamorpbic  New  England. 
In  August  of  tbe  past  year  tbe  writer  had  tbe  pleasure  of  accom- 
panying Mr.  Wing  on  a  visit  to  some  of  bis  localities  that  were  of 
special  interest  for  their  fossils  or  for  their  illustration  of  tbe  strati- 
fication of  tbe  rocks,  and  tbis  was  bis  last  scientific  excursion,  ex- 
cepting one  of  a  few  days  during  the  following  fortnight.  His  al- 
most child-like  delight  over  the  places  of  his  remarkable  discoveries 
as  be  pointed  them  out ;  bis  earnestness  in  making  known  bis  con- 
clusions and  in  supporting  them  against  all  expressed  doubts ;  bis 
eager,  rapid  gait  as  we  walked  over  tbe  rocks  and  hills,  made  him 
an  especially  agreeable  companion,  and  suggested  no  thought  of  the 
end  that  was  so  soon  to  come.  Before  parting,  be  promised  to  send 
for  tbis  Journal  an  account  of  bis  discoveries,  as  in  fact  be  bad 
done  before.  But  he  disliked  writing,  and  it  was  not  sent.  We 
hope  tbat  bis  notes  may  yet  afford  material  for  such  a  paper. 

J.  D.  D. 


APPENDIX. 


Art.    XLT. — Principal    Ckaraclers   of  the    BBONTOTHi:Em.a ; 
by  O.  C.  Mabsh:     With  four  plates. 

The  remaiBS  of  a  well-marked  group  of  gigantic  mammala 
are  abundant  in  the  lowest  depoeitfi  of  the  Miocene,  on  the 
eastern  slope  of  the  Rocky  Mountains.  These  animals,  which 
have  been  named  by  the  writer,  BronlolheridcB,  equaled  the 
Eocene  Zhnocerata  in  size,  and  resembled  them  iu  some  im- 
portant features.  They  do  not,  however,  belong  to  the  same 
order,  but  constitute  a  distinct  family  of  Perissodactyles.  Four 
genera  of  this  family  are  now  known,  as  shown  below,  but 
BrontotJterium  is  the  only  one  represented  by  sufficient  remains 
to  clearly  indicate  its  structure  and  affinities ;  and  hence  this 
genus  will  be  first  described,  and  mainly  used  to  illustrate  the 
group. 

Brontotherium  Marsh,  1873.* 

The  skull  in  Brontotherium  is  long  and  depressed,  and  re- 
sembles that  of  Bhinoceros.  The  occipital  region  is  extended 
vertically,  and  deeply  concave  posteriorly.  The  vertex  is  con- 
cave longitudinally,  and  convex  transversely.  The  general 
form  of  the  skull  is  shown  in  the  cut  given  below,  figure  1. 


view;    oDB-twelfth 


There  is  a  pair  of  large  horn-cores  on  the  anterior  part  of  the 
skull,  in  front  of  the  orbits.     They  stand  on  the  maxillaries, 


I,  Jan..  IB74,  and  vol.  i 
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like  the  middle  pair  in  JJinoceras,  the  nasals  forming  only  the 
inner  margin  of  the  base.  These  protuberances  are  placed 
transversely,  as  in  modem  Artiodactyles,  and  extend  upward 
and  outward.  They  vary  much  with  age,  and  probably  dif- 
fered with  the  sex.  There  are  large  air  cavities  in  the  base  of 
these  horn-cores.  The  nasal  bones  are  greatly  developed,  and 
firmly  co-ossified.  Their  anterior  extremities  are  produced,  and 
overhang  the  large  narial  orifice.  The  premaxiliaries  are  dim- 
inutive, and  do  not  usually  extend  forward  so  far  as  the  end  of 
the  nasala  The  infra-orbital  foramen  is  very  larga  The  lachry- 
mal forms  the  anterior  border  of  the  orbit  The  latter  is  small, 
and  continuous  with  the  elongated  temporal  fossa.  There  is  no 
postorbital  process  on  the  ^ntal.  The  zygomatic  arches  are 
massive,  ana  much  expanded.  The  malar  extends  forward  be- 
yond the  lower  margin  of  the  orbit  The  zygomatic  process  of 
the  squamosal  is  elevated,  and  more  or  less  incurved  above. 
There  is  a  large  postglenoid  process,  which  forms  the  anterior 
border  of  the  external  auditory  meatus.  The  latter  is  bounded 
behind  and  below  by  the  post-tympanic  process  of  the  squamosal. 
There  is  a  large  par-occipital  process.  The  occipital  condyles 
are  large,  and  well  separated.  Their  position  indicates  that  the 
head  was  declined  when  in  its  natural  position.  There  is  a 
large  condylar  foramen,  and  a  distinct  alisphenoid  canaL  The 
palate  is  deeply  excavated,  especially  in  front  The  posterior 
nares  extend  forward  between  the  last  upper  molars. 

The  brain  cavity  in  Brontotherium  is  small,  and  its  form  is 
shown  in  Plate  XI,  the  figures  of  which  are  drawn  from  a  nat- 

2. 


Fi^pire  2.     Outline  of  skull  and  brain  cavity  of  Brontotherivm  ingmu.      Top 
view ;  one-tenth  natural  size. 

ural  cast  of  the  brain-case  of  A  ingens  Marsh.  The  size  of  the 
entire  brain  compared  with  that  of  the  cranium  is  shown  in 
the  accompanying  cut,  figure  2. 
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The  cerebral  hemispheres  did  not  extend  at  all  over  the 
cerebeUam,  and  little  if  any  over  the  olfisustory  lobea  The  lat- 
ter were  of  moderate  size,  and  separated  by  a  wide  osseous 
septum.  The  hemispheres  were  comparatively  large,  and  much 
convoluted.  The  Sylvian  fissure  is  well-marked  in  the  cast, 
and  some  of  the  other  principal  divisions  are  indicated.  The 
cerebellum  was  small  There  was  a  rudimentary  tentorial 
ridge  The  pituitary  fossa  is  distinctly  marked.  The  fora- 
mina for  the  optic  nerves  are  quite  small. 

The  mandime  in  Brontoiherium  has  a  wide  condyle,  and  a 
slender  coronoid  proces&  The  angle  is  rounded,  and  slightlv 
produced  downward.  The  symphysis  is  depressed,  donated, 
very  shallow  in  iront,  and  completely  ossified.    (Plate  Xn.) 

The  dental  formula  of  Brontotherium  is  as  follows : — 

InciflOTS,-;r;  canines,--;  premolars,--;  molars,-- X 2=88. 

2  1  3  3 

The  upper  incisors  are  quite  small  (Plate  X.)  The  canine  is 
short  and  stout,  and  placed  close  to  the  first  premolar.  The 
upper  premolars  have  all  essentially  the  same  structure,  viz :  two 
external  connate  cusps,  with  their  outer  faces  nearly  plane,  and 
two  inner  cones  closely  united.  The  anterior  cone  is  connected 
with  the  opposite  outer  cusp  by  a  transverse  rid^e,  which  has 
behind  it  an  elongated  depression,  more  or  less  divided  by  pro* 
iections  from  the  outer  posterior  cusp.  In  the  upper  true  mo- 
lars, the  external  cusps  have  their  outer  surfaces  deeply  concave, 
while  the  inner  cones  are  low  and  separate.  The  lower  incisors 
were  small,  and  evidently  of  little  use.  The  two  next  the  sym- 
physis were  separated  from  each  other.  The  lower  incisors  are 
not  unfrecj^uently  wanting,  and  in  old  animals  the  alveoli  may, 
perhaps,  disappear.  Careml  examination,  however,  will  usually 
show  indications  of  them.  The  lower  canine  is  of  moderate  size, 
and  separated  from  the  premolars  by  a  short  diastema.  The 
lower  molars  are  of  the  Paloeotherium  type,  and  agree  essentially 
with  those  of  Menodus, 

The  neck  in  Brontoiherium  was  stout,  and  of  moderate  length. 
The  cervical  and  most  of  the  dorsal  vertebrae  are  distinctly  opis- 
thocoelous.  The  atlas  is  large,  and  much  expanded  transversely. 
The  axis  is  massive,  and  has  its  anterior  articular  faces  much 
broader  than  in  the  Dinocerata,  The  odontoid  process  was  stout 
and  conical  The  posterior  articular  face  is  concave,  and  obliqua 
The  transverse  processes  apparently  had  no  foramen  for  the 
vertebral  artery.  The  epiphyses  of  the  vertebrae  are  loosely 
united  in  most  specimens,  as  in  the  Proboscidians.  The  lum- 
bars  are  slender,  and  smaller  than  the  dorsals.  There  are  four 
vertebrae  in  the  sacrum.  The  caudal  vertebrae  indicate  a  long 
and  slender  tail 
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The  limbs  of  the  BroniotheridoB  were  intermediate  inproportion 
between  those  of  the  Elephant  and  the  Bhinoceros.  T^ie  scapula 
is  large,  with  a  prominent  spine  and  small  coracoid  prooeea 
The  humerus  is  stout,  and  its  great  tuberosity  extends  above 
the  head.  The  radial  crest  is  prominent,  and  the  entire 
distal  end  is  occupied  by  the  articulation.  The  olecranon  cav- 
ity is  shallow,  and  the  condylar  ridge  similar  to  that  of  the  Ele- 
phant, but  not  continued  so  far  up  the  shaft.  The  radius  and 
ulna  are  separate.  The  ulna  has  its  olecranon  portion  much 
compressed.  Its  distal  end  is  much  smaller  than  in  Rhinoceros^ 
and  has  no  articular  face  for  the  lunar.  The  radius  is  stout, 
and  its  distal  end  expanded.  The  carpal  bones  form  interlock- 
ing series.  They  are  shorter  than  in  Bhinoceros,  and  support 
four  well  developed  toes  of  nearly  equal  size.  (Plate  AjU, 
figure  2.)  The  metacarpal  bones  are  shorter  than  those  of  Bhi' 
nocerosj  the  first  phalanges  longer,  and  the  second  series  shorter. 
All  the  toes  had  ^*  navicular  sesamoid  bones,  similar  to  that 
on  the  coronary  bone  of  the  horsa  The  ungual  phalanges  are 
short  and  tubercular,  as  in  the  Dinocerata  and  Proboscidm, 

The  pelvis  is  much  expanded  transversely.  The  femur  has  a 
small  third  trochanter,  and  its  head  a  deep  pit  for  the  round  liga- 
ment At  the  distal  end,  the  anterior  articular  surface  is  narrow, 
and  the  two  edges  are  of  nearly  equal  prominence,  as  in  the  Tapir. 
The  patella  is  elongate,  and  has  a  strong  vertical  keel  on  its 
articular  faca  The  tibia  is  stout,  and  has  a  distinct  spina 
The  fibula  is  separate  and  entire,  but  quite  slender.  The  cal- 
caneum  is  much  elongated.  The  astragalus  is  shorter  than  in 
the  Rhinoceros,  and  the  superior  groove  more  oblique.  The 
cuboid  face  is  larger  than  in  Rhinoceros.  The  navicular  has  its 
distal  facets  subequal.  There  were  three  toes  of  nearly  equal 
size  in  the  pes,  the  first  and  fifth  being  entirely  wanting.  (IMate 
XII,  figure  1.)    None  of  the  bones  of  the  skeleton  are  hollow. 

There  appear  to  be  four  well  marked  genera  in  the  Bronto- 
theridae,  now  known,  which  may  be  distinguished  as  follows : 

1.  Menodus  Pomel.*  {Titanotherium  Leidy,  1862.) 

Dentition  =Incisor8-- ;  canines—;  premolars  —  :  molars—. 

2  1'  '^  4?  3 

Diastema  behind  upper  canines.  Basal  ridge  on  inner  side  of 
upper  premolars  not  continuous.  Nasals  short  A  postorbital 
procesa  Third  trochanter  rudimentary  or  wanting.  Type  M, 
Broutii, 

2.  Megacerops  Leidy.     {Megaceratops  Cope),  {Symborodon  Cope 
in  part.) 

Dentition  =  Incisors— ;   canines— ;  premolars— :  molars—. 

0  1 '  '^  8 '  3 

*  Bib.  Uniy.  de  Qendve,  x,  p.  76,  Jan.,  1849. 
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Diastema  behind  upper  caninea  Inner  basal  ridge  on  upper 
premolars  not  continuoua  Nasals  more  elongated.  A  postor- 
bital  process.  Third  trochanter  rudimentary  or  wanting.  Type 
Megacerops  Ooloradensis  Leidy. 

8.  Brontotherium  Marsh,     {Symborodon  Cope,  in  part)    (Iftb- 
basileus  Cope.) 

Dentition  ^Incisors-— ;  canines— ;  premolars-— ;  molars--. 

Z  \  3  3 

No  superior  diastema.  Strong  continuous  basal  ridge  on  inner 
side  of  upper  premolara  No  postorbital  process.  Third  tro- 
chanter distinct     Type  B.  gtgas  Marsh. 

4.  Diconodon  Marsh  {Anisacodon). 

Dentition  =Inci8ors— ;   canines—- ;  premolars-— ;  molars—. 

No  superior  diastema.  Strong  inner  basal  ridge  on  upper  pre- 
molars. Last  upper  molar  with  two  inner  cones.  No  postor- 
ital  proces&     Type  D,  montamis  Marsh. 

In  the  dentition  and  skeleton,  the  Brontotheridve  more  nearly 
resemble  the  Eocene  Diplacodon,  than  any  other  American 
genus,  and  they  may  yet  prove  to  be  nearly  related.  The  ani- 
mals of  that  genus  were  of  much  smaller  size,  and  entirely 
without  homa  The  relations  of  the  Brontolheridce  to  the  genus 
Oialicotherium  Kaup,  cannot  at  present  be  determined. 

In  comparing  the  BronioiheridxB  with  the  equally  gigantic 
Dinocerata  of  the  Eocene,  several  striking  points  of  resemblance 
will  be  at  once  noticed ;  especially  the  presence  of  horn-cores 
in  transverse  pairs ;  the  general  structure  of  the  limbs ;  and  the 
short  and  thick  toes.  The  diflFerences,  however,  between  these 
two  groups  are  still  more  marked.  In  the  Brontotheridoe  there 
is  but  a  single  pair  of  horn-cores,  and  no  crest  around  the  ver- 
tex. The  structure  and  number  of  the  teeth  are  quite  diflFerent, 
while  the  small  canines  and  huge  molars  contrast  strongly  with 
the  elongated  canine  tusks  and  diminutive  molars  of  the 
Dinocerata.  The  latter,  moreover,  have  two  very  large  depen- 
dent processes  on  each  ramus  of  the  mandible;  the  cervical 
vertebrae  flat;  the  femur  without  a  third  trochanter;  and  at 
least  an  additional  toe  in  each  foot 

Among  the  features  which  this  group  shares  with  the  Probos- 
cidea  may  be  mentioned :  the  superior  extension  of  the  condylar 
ridge  of  the  humerus  ;  the  short  thick  toes ;  and  the  late  union 
of  the  epiphyses  with  the  centra  of  the  vertebrae.  The  last 
character  appears  to  belong  especially  to  mammals  of  very  large 
size,  and  probably  indicates  late  maturity,  and  great  longevity. 

The  Brontotheridoe  nearly  equaled  the  Elephant  in  size,  but 
the  limbs  were  shorter.  The  nose  was  probably  flexible,  as  in 
the  Tapir,  but  there  was  evidently  no  true  proboscis. 
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All  the  known  remains  of  the  BrontotheridcB  are  from  east  of 
the  Rocky  Mountains,  in  the  Miocene  beds  of  Dakota,  Nebraska, 
Wyoming,  and  Colorado. 

Tale  Ck>Uege,  New  Haven,  March  16,  1876. 


Explanation  of  Platu. 

Plate  X — BronMheriwn  ingma  Marsh.    Superior  premolar  and  molar  teeth ;  bot- 
tom view.    One-third  natural  size. 

Plate  XI — Broniotherium  ingma.     Cast  of  brain  cavity,     figure  1,  top  view; 
figure  2,  side  view.    One-half  natural  sixe. 

Plate  XII — Brontoiherium  gigaa  Marsh.    Lower  jaw.    Rgore  1,  top  view ;  flgort 
2,  front  view ;  figure  3,  side  view,    (hie  si]^  natural 

Plate  XIII — BrofUoiherium.    Figure  1,  hind  foot;  figure  2,  fore  foot 
natural  size. 
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Akt.  XLII — On  supposed  changes  in  the  Nebula  M.  17  =  h. 
2008  =  G.  C.  4403.  (R.  A.  IS^  12^  38«.l ;  N.  P.  D.  106° 
13'  36" ;  18600) ;  by  Edward  S.  Holden.* 

I.  Historical  Notes —  Observations : — This  nebula  was  discov- 
ered by  Messier  and  is  number  17  of  his  list  {Oonnaisaance  des 
Terns  1784).  It  has  been  carefully  studied  since  1800,  by  Sir 
John  Herschel  (1833-37),  Lamont  (1837),  Mason  (1839),  Lassell 
(1862),  Huggins  (1865),  Trouvelot  (1876),  and  Trouvelot  and 
myself  (1875).  These  observations,  so  far  as  they  are  pub- 
lished, are  to  be  found  in  the  following  works: — 

Hebschel:  ObserratioDB  of  Nebuls,  etc.,  miule  at  Slough;  Phil.  TYans.^  1833,  p. 

498  and  Plate  XII,  fig.  35. 
Hersghel  :  Results  of  Astronomical  Observations  at  the   Cape  of  Good  Hope,  p.  8 

and  Plate  II.  fig.  1. 
Lamont  :    Ueber  die  Nebeijlecketi,  1837,  fig.  X. 
Lamont:  Annalen  der  K.  Stemwarte  bei  Munchen,  band  xyii,  p.  332  and  fig.  21, 

Plate  VIII. 
Mason:    Transactions  American  Phil.  Soc.,  vol.  vii,  1840,  p.  165,  Plate  VI. 
Lassell:  Mem.  R.  A.  S.,  vol.  xxxvi;  Plates  VII,  VIII,  figs.  33,  33A. 
HuooiNS:  Philosopical  Transactions  1866,  p.  385. 

The  later  observations  are  unpublished. 
I  extract  from  these  various  authorities  such  portions  as  will 
be  of  use  for  subsequent  reference. 

P>om  Ilerschel's  paper  {Phil.  Traits.^  1833): — 

"  The  figure  of  this  nebula  is  nearly  that  of  a  Greek  capital 
omega,  /2,  somewhat  distorted,  and  very  unequally  bright. 
Messier  perceived  only  the  bright  [eastern]  brancli  of  the  nebula 
now  in  question,  without  any  of  the  attached  convolutions  which 
were  first  noticed  by  my  father.     The  chief  peculiarities  which  I 

♦  This  article  has  in  part  appeared  in  the  Popular  Science  Monthly ;  and  this 
Journal  is  indebted  to  Messrs.  Appleton  &  Co.  for  all  but  one  of  its  excellent  illus- 
trations. 

Am.  Jour.  8oi.— Third  Series,  Vol.  XI,  No.  65.— Mat,  1876. 
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have  observed  it  it  are — 1.  The  resolvable  knot  in  the  [eaBt«m] 
portion  of  the  bright  branch,  which  is  in  a  considerable  degree, 
insulated  from  the  surrounding  nebula ;  strongly  suggesting  the 
idea  of  an  absorption  of  the  nebulous  matter ;  and,  2.  The  much 
feebler  and  smaller  knot  at  the  [northwestern]  end  of  the  same 
branch,  where  the  nebula  makes  a  sudden  bend  at  an  acute  angle. 
With  a  view  to  a  more  exact  representation  of  this  curiouB  nebala, 
I  have  at  different  times,  taken  niicrometrical  measures  of  the 
relative  places  of  the  stars  in  and  near  it,  by  which,  when  laid 
down  as  in  a  chart,  its  limits  may  be  traced  and  identified,  as  I 
hope  soon  to  have  better  opportunity  to  do  than  its  low  wtaation 
in  this  latitude  will  permit. 


Bebsohkl  183:1. 


From  Asl.  Oh.t.  at  Uie  Cape  o)   Good  Hojtt' : — Aft«r  explaioj 
that  \i\n  first  tigiire  is  far  fi-oni  accurate  Herschel  says : —      ' 

"In    })jirticnlar  the  large  ho  rsexhoe  shaped    arc  ...  is 
repreeciiti-ii  :ib  loo  much  eloiigated    in  a  vertical  direction  i 
bearing   allojicther  too  lai^e  a  proportion  to  [the  eastftni]  a 
and  tu  ihi'  mtal  m:iiiiiimde  of  the  object.     The  nebulous  diffl 
too,  at  thi'  [winlcrri]  cud  of  that  arc,  forming  the  [western]   l. 
anil  base-line  of  the  capital  Greek  omega  (.0),  to  v-hich  the  f^oa 
figure  of  tliu  nebula  huH  been  likened,  ib  now  so  little  conapio" 
UK  to  indnc'L'   ii  suspii'ion  that  some  real  change  may  have  fa 
place  in  the  relativt;  brightness  of  this  poition  compared  with  i 
rest  of  the  nebula ;  seeing  that  a  figure  of  it  made  on  Juoe  | 
1837,  expresses  no  such  diffusion,  Vtut  represents  the  arc  as  bK 
ing  off  before  it  evtn  attains  fully  t"   the  group  of  ?mall  staTB  i 
•For  llie  use  of  ide  nit"  mhich  are  pven  with  tbjs anictc,  I  am indebred  to  tf 
ti>iirti>!iy  of  Ur.  Yoiimans.  Kditor  of  tlie  Popular  Science  Montlil;. 
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the  [weBtem]  angle  of  the  Omega.  .  .  .  Under  these  oircnmatanceB 
the  argnmenta  for  a  real  change  in  the  nebula  might  seem  to  have 
cooBiderable  weight.  NevertheleBB,  they  are  weakened  or 
dertroved  by  a  contrary  testimony  entitled  to  much  reliance. 
Mr.  Mason,  a  young  and  ardent  astronomer,  ....  whose  pre- 
matare  death  is  the  more  to  be  regretted,  as  he  was,  so  far  as  I 
am  aware,  the  only  other  recent  observer  who  has  given  himself 
with  the  assiduity  which  the  subject  requires  to  the  exact  delinea- 
tion of  nebalte,  and  whose  figures  I  find  at  all  satisfactory,  ex- 
pressly states  that  both  the  nebulous  knots  were  well  seen  by 
himself  and  his  coadjutor  Mr.  Smith  on  August  1,  1839,  i.  e.,  two 
vears  subsequent  to  the  date  of  my  last  drawing.  Neither  Mr. 
Mason,  however,  nor  any  other  observer,  appears  to  have  had  the 
least  suspicion  of  the  existence  of  the  fainter  horseshoe  arc  attached 
to  the  [eastemj  extremity  of  Messier's  streak.  Dr.  Lamont  has 
givenja  figure  of  this  nebula,  accompanied  by  a  description.  In 
this  figure  [oar  Fig.  3],  the  nebulous  diffusion  at  the  [western] 
angle  and  uong  the  [weetem]  base  line  of  the  Omega  is  repre- 
sented w  very  conspicuous ;  indeed,  much  more  so  than  I  can  per- 
suade myself  it  vtu  his  intention  it  should  appear." 


840    0.  C.  Marsh — Principal  Characters  of  the  BranMheridct. 

All  the  known  remains  of  the  Brontolheridm  are  from  east  of 
the  Bocky  Mountains,  in  the  Miocene  beds  of  Dakota,  Nebraska, 
Wyoming,  and  Colorado. 

Tale  College,  New  Hayen,  Maroh  16,  1876. 


EZPLANATIOK  OF  PLATBS. 

Plate  X — BrowMherium  ingena  Marsh.    Superior  premolar  and  molar  teeth ;  bot- 
tom view.    One-third  natural  size. 

Plate  XI — BrorUotheriwn  ingeru.     Cast  of  brain  cavity.     Figure  1,  top  view; 
figure  2,  side  view.    One-half  natural  sise. 

Plate  XII — Brontoiherium  gtgas  Marsh.    Lower  jaw.    Figure  1,  top  view ;  figure 
2,  front  view ;  figure  3,  side  view.    One  ai^  natural  siie. 

Plate  Xni — Broniolheriwn,    Figure  1,  hind  foot;  figure  2,  fore  foot 
natural  size. 


.r^'(^-^->. 
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Washington  for  the  purpose  of  makiDg  drawings  of  nebulse, 
etc,  by  means  of  the  twenty-six-inch  Clark  refractor.  By  the 
conrtesv  of  Admiral  Davis  I  am  able  to  give  a  drawing  of  the 
Horseshoe  Nebula  as  delineated  bj'  M.  Trouvelot  from  obser- 
vations made  jointly  by  him  and  myselt 

Pretty  muen  the  same  method  was  adopted  in  this  drawing 
as  in  fig,  6,  but  the  vastly  more  complex  structure  of  the 
nebula  itself  ia  what  might  have  been  expeated  from  an  in- 
crease of  eighteen  times  in  the  light,  over  M.  Trouvelot's  six- 
inch  telescope. 

It  may  be  said  of  the  drawing  from  which  fig.  7  was  copied, 
that  nothing  is  there  laid  down  about  which  the  slightest  doubt 
is  entertained :  and  although,  in  some  respects,  it  was  made  in 
greater  haste  than  is  desirable,  yet  it  is  sufficiently  accurate  to 
found  an  argument  on,  for  or  against  variation  in  the  shape  of 
any  of  the  brighter  portions  of  the  nebula.  The  fainter  portions 
of  fig.  7  are  loo  well  defined  and  too  bold,  but  it  is,  in  general, 
a  gwjd  representation. 


,Skrti;li-mn[)  of  .Swrs  (Lass ELL). 

.  „.  ...,  ,,.irpi>sc  of  studying  this  and  other  nebulie,  I  have 
ha'l  the  uriginal  drawings!  photngrapticd  on  a  vnifoTm  scale  and 
in  such  u    uai/  as  In  caust  all  the  ji/iolo-jraphic  prints  to  represent 
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the  nebulcR  as  (Jiey  would  appear  in  a  refractor.  It  is  only  in 
this  way  that  several  drawings,  made  both  by  reflectors  and 
refractors  can  be  satisfactorily  and  minutely  compared.  The 
cuts  of  the  present  paper  were  reproduced  from  such  photo- 
graphic prints,  and  they  are  on  a  scale  of  one  inch  =  266"*2 ; 
in  tne  present  paper,  however,  all  conclusions  are  drawn  from  an 
examination  of  the  original  engravings,  although  references  are 
made  to  the  cuts  for  convenience. 

My  own  notes  on  the  physical  aspect  of  this  nebula  are  as 
follows : — 

"  llie  brighter  portions  of  this  nebula  give  evidence  of  resolv- 
ability.  In  particular  all  the  brighter  parts  of  the  "  horseshoe," 
and  of  the  long  branch  extending  from  star  8  to  star  71,  seem 
ander  intense  looking,  to  be  just  ready  to  break  into  small  stars. 
Many  small  points  of  light  were  put  down  both  by  myself  and  by 
M.  Trouvelot,  but  it  was  soon  found  that  such  a  task  was  endless 
and  of  far  less  importance  than  the  correct  delineation  of  the 
nebulosity.  For  nearly  all  the  details  of  the  drawing  M.  Trouve- 
lot is  responsible,  as  time  did  not  allow  of  that  careful  and  inde- 
pendent comparison  which  it  is  desirable  should  always  be  made ; 
out  it  may  be  said  briefly,  that  there  are  no  conjectures  laid  down 
in  the  original  Everything  is  as  it  was  seen.  I  confined  my 
attention  principally  to  the  space  limited  by  stars,  1,  6,  0,  61,  63, 
70,  20,  8,  3,  1 U,  on  account  of  the  evidence  from  older  drawings 
that  this  portion  has  moved  relatively  to  the  stars ;  and  I  can 
vouch  for  its  general  accuracy. 

This  portion  is  sufficiently  accurate  to  found  an  argument  for  or 
against  variability  upon.  For  example.  I  am  sure  that  the 
brightest  mass  of  nebulosity  follows  star  No.  1,  as  M.  Trouvelot 
has  drawn  it,  and  I  am  sure  that  the  general  direction  of  the  dark 
channels  between  stars  7  and  53  is  correct  in  the  drawing." — 
[Sept.  21  to  Oct.  2,  1875.] 

Trouvelot's  star  co-ordinates  were  obtained  graphically  from 
the  original  sketch  and  are  given  in  Table  IV. 

II.    Comparison  of  Star -positions. 

The  only  relative  star-places  completely  determined  which 
are  of  the  highest  accuracy  are  those  of  Lassell.  "  Eleven  of 
the  principal  stars  were  measured  and  the  remainder  laid  down 
bv  careful  estimation,  while  some  approximation  to  their  pro- 
portionate magnitudes  is  preserved  in  the  drawing.  The  num- 
bers are  generally,  but  not  uniformly,  in  the  descending  order  of 
magnitude."  The  star-positions  of  Larnont  are  of  high  accuracy, 
but  unfortunately  onlv  anfijles  of  position  were  measured  in 
most  cases.  Mason's  work  was  done  while  lie  was  an  undergrad- 
uate at  Yale  College,  with  a  telescope  of  bis  own  construction 
mounted  as  an  alt-azimuth,  and  in  the  intervals  of  his  collegiate 
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duties,  and  although  every  endeavor  was  made  to  obtain  high 
accuracy,  and  above  all  to  determine  the  limits  of  error,  yet  his 
instrumental  means  were  comparatively  inadequata  He  esti- 
mates the  average  error  of  his  star-positions  in  this  nebula  to 
be  about  1**6  in  R  A.  and  25''  in  d  (see  pp.  192  and  193  of  his 
memoir  already  quoted). 

Most  of  Herschel's  stars  were  inserted  by  alIineation&  The 
method  chosen  by  M.  Tronvelot  and  myself*  has  already  been 
noticed.  It  may  be  of  interest  to  remaric  that  the  mean  error 
of  Trouvelot  referred  to  Lassell  is  about  7"'7  in  R  A.  and  5"*8 
in  N.  P.  D.  The  laiiger  residual  in  R  A.  is  due  to  imperfect 
running  of  the  driving  clock  of  the  Equatorial.  When  this 
clock  is  in  its  usual  good  condition  I  believe  that  this  error  will 
not  exceed  6",  a  Quantity  which  is  not  appreciable  in  any  draw- 
ing of  a  consideraole  nebula  which  can  oe  put  upon  a  quarto 
paga 

Tabu  L— ILuxw'b  STAB-P08inoii& 


iMseU'B 

Mason's 

ICMon's 

Mason's 

Mason's 

RemarlEs. 

number. 

number. 

magnitude. 

R.  A.  1830-0. 

6  1880-0. 

38? 

1 

1415 

18h  10m  as-Ss 

-16*  13'  4t^ 

When  the  identiflca- 

32? 

2 

14.16 

20-3 

13  11 

tion  <rf  one  oi  MasoD*8 

13 

4 

18 

32-9 

12  24 

stars  witik  one  of  Las- 

10 

6 

14 

38*3 

13  61 

seU's  is  at  aU  doubtful  a 

3 

6 

1213 

34-74 

11  46 

question-mark  (?)  is  add- 

14 

7 

16 

36  3 

12  43 

ed  in  the  first  column. 

16 

8 

16 

36-6 

11  50 

6 

9 

12 

38-61 

17  16 

• 

11 

10 

16 

38-6 

13  23 

Other  stars    can    be 

1 

11 

11 

38-66 

16  44-4 

identified  but    only  so 

73?? 

12 

1416 

42-2 

13     6 

many  are    included  aR 

36 

13 

14 

43-3 

16  16 

will  suffice  to  determine 

7 

H 

1213 

46-32 

13  58-9 

the  limits  of  the  nebu- 

28 

16 

16 

460 

13  30 

iosity.      The    same  re- 

2 

16 

11 

46-84 

14  36-0 

marks  apply  to  the  fol- 

8 

17 

1416 

10  47-3 

12  24 

lowing  tables. 

18? 

22 

16 

11     1-0 

16  21 

23? 

24 

14 

6-1 

10  67 

5 

25 

12 

619 

18  17 

17? 

26 

16 

7-7 

14  68 

20 

27 

14 

8-3 

12  16 

16? 

28 

16 

111 

14  31 

12 

29 

12 

18  11   20-3 

-16    14     4 

'* 
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Tabu  IL— HnsoHSL's  SrABrFOBinairaL 


LuseU'B 

Herachers 

HerBcberB 

AR.A.ircnn 

AN.P.Dirom 

1 

Bemarka. 

number. 

number. 

magnitude. 

11  in  arc 

11  in  arc. 

I 

13 

2 

12 

-91'-6 

-201'-6 

3 

In  the  column  "Claas"  the 

10 

4 

14 

-61-6 

-  82-6 

2 

numbers  have  the  following 

3 

6 

11 

-64-0 

-232-8 

1 

aigniflcation :  —  1.  denolee 

16 

9 

16 

-16-0 

-198-0 

3 

that  the  differencea  of  R.  A. 

6 

10 

11 

-13-6 

+  116-2 

1,2 

and  N.P.D.  were  mtaauini: 

1 

11 

9 

0- 

0- 

1 

2.  denotee  that  theee  difEor- 

11 

13 

13 

+  4-6 

-122-4 

2 

encea  were  derived  from  al* 

73?? 

16 

13 

+  73-6 

-168-4 

2 

lineationa  from  known  atara; 

36 

16 

12 

+  960 

+  49-2 

2 

3.  denotoa  that  these  difler- 

8 

17 

13 

+  109-6 

•#-201-6 

2 

enoes  were  derived  frcnn  the 

7 

18 

11 

+ 109-6 

-112-8 

2 

position  of  the  star  as  laid 

28 

19 

16 

+  112-6 

-161-2 

2 

down  by  the  eye  on  the  diart 

2 

20 

10 

+  123-0 

-  660 

1 

Columna  4  and  6  have  been 

9 

21 

12 

+ 129-0 

+  134-4 

2 

deduced   frcnn    the    corre- 

5 

31 

11 

+  4230 

+  134-4 

2 

sponding  data  given  by  Her- 
schel  Obs.G.G.H.  p.9. 

12 

36 

13 

+  628-0 

-  86-4 

2 

Table  m. — OoMPABisoir  of  Lassell's  and  Laxoht*8  Stab-fo6ition& 


II 


1 

3 
6 
7 
8 
10 
11 


I 


3 
16 
28 

2 
17 
10 

8 


1862. 

Laasell's 

pos.  ang^e, 

from  2. 


239-r 

314-6 

124-7 

342-4 

367-6 

279-8 

299-1 


1837. 

Lament's 

pos.  ang^e, 

from  2. 


238-3" 
314-0 
126-0 
341-3 
•367-4 
279-4 
299-6 


+  0-8" 
+  0-6 
—0-3 
+  11 
+  0-2 
+  0-4 
—0-6 


Remarks. 


No.  1.  Lasseli's  distance  1331';  La- 
ment's 134-3";  A«=:  -1-2". 

*  Correcting  Lament's  measure  of  Aug. 
2  from  173**  O'  to  177''  0':  omitting  it 
altogether,  Lamont's  angle  becomes 
357-8. 


Tablb  it. — Stab-positions  of  Lassell,  Mason,  Hebschel  and  Tbouyelot. 
The  oo-ordinates  are  measured  from  star  2  (Lassell). 


Herschel  1837. 

Mason  1839. 

LasseU  1862. 

Trouvelot  1876. 

No. 

1 

Remarks. 

Aa. 

A<J. 

Aa. 

AJ. 

Aa. 

A<J. 

Aa. 

A<J. 

1 

-1230' 

+   660" 

-124-2'' 

+    68-4' 

-114-2' 

+   68-3' 

-116-1' 

+   64-6' 

N  +  ,S-; 

31-177-0 

-166-8 

-181-5 

-1710 

-162-9 

-160-3 

-163-4 

-1570 

E  +  ,W-. 

4       





M  *  *  * 

+  492-6 

-   18-6 

+  4730? 

♦-  8-6? 

5  +300  0 

+  200-4 

+  280-2 

+  2210 

+  284-3 

+ 196-8 

+  281-7 

+  187-0 

6  -136-5 

+  181-2 

-125-0 

+  159-0 

-120-7 

+  158-2 

-124-7 

+ 165-6 

71  _    135    -  46-8 

-   22-8 

-  371 

-   12-3 

-  38-8 

-  301 

-  430 

*Some 

8  -    13-5  1-135-6 

-     6-9 

-1320 

-     5-9 

-137-8 

-   17-2 

-137-6 

doubt    as 

9+      60    +200-4 

>  —  -  « 



+     4-6 

+  177-5 

+    10-8 

+  178-4 

to  identi- 

10!     184-5    —   15-6 

-20H-1 

-  45  0 

-189-8 

-  32-7 

-187-0 

-  21-5 

ty. 

11.-1185 

-   56-4 

-1251 

-   73-0 

-113-3 

—  63-0 

-118-2 

-  64-5 

12' +405-0 

-  20-4 

+  351-9    -   32-0   ' 

+  365-9 

-   12-8 

+  352-6 

-     6-4 
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Table  V.—Oompabisov  of  Lasbill,  Masons  Hbrbohxl  and  Tbouyblot. 


La80ell- 
No.    Herrohel, 

Lassell— 
Masoiif 

Lassell- 
Trouvelot 

Remarks. 

Aa. 

A<J. 

2'3t 

6-5f 

3-6 

230 

80t 

2-2 

22-9 

171 

6*6 

7-6 

Aa. 

A«f. 

Aa. 

l"-9 

06 
19-6  ♦ 

2-6 

i  40 

17-8 

11-3 

6-2 

2*8 

4-9 
13-3 

Ad. 

1  '8'-8t 

3  141t 

4    

5  116-7 

6  'l6-8t 

7  1-2 

8  7-6 

9  ,    1-4 

10  6-3 

11  '  5-2 

12  1391 

10"0 
18-6 

i-V 

4-3 

10-5 
1-0 

13-3 
11-8 
140 

0"1 
10-7 

il'i 

0*8 

1-7 

5-8 



12-3 
100 
19-2 

3"-8 

3-3 
100» 

9*8 

7-4 

4-2 

0-2 

0-9 
11-2 

1-6 

6-4 

*  Some  doubt  as  to  identity. 

Those  of  Herschers  stars  whose 
position  was  micrometrically  deter- 
mined are  marked  f ,  the  rest  are  esti- 
mated. 

It  will  be  noted  that  Mason's  resi- 
duals are  quite  within  his  limits  of 
error. 

It  may  be  seen  from  table  J II  that  the  relative  positions  of 
the  principal  stars  of  this  group  are  the  same  during  the  period 
of  ooservation.  Precession  will  cause  changes  of  relative  posi- 
tion far  less  than  the  errors  of  observation. 


III.   Comparison  of  Star-magnitudes. 

It  will  be  remembered  that  Lassell's  numbers  represent 
generally  the  order  of  brightness  of  the  stars.  Mason's  magni- 
tudes were  reduced  by  himself  so  as  to  correspond  to  those  of 
Hersehel,  and  this  was  done  in  his  own  thorough  way,  by 
coin})aring  his  estimates  of  the  brightness  of  stars  in  Nebula 
Ci/r/ni^  with  those  previously  given  by  Herschel.  Lamont  and 
Trouvelot  give  no  magnitudes. 

Table  VI  contains  most  of  the  information  available  on  this 
subject. 

Tahlk  VI. — Comparison  op  Star-magnitudes. 


Lassell's  number, 


1    2      3 


5'  61 


8    il0'll']2!l3ll5'28,35      73?? 


1 1  erschel's  magnitude, !  I  9  10     11   ,1111 


MasonV  mapiitiide.     I  11  11  r213il2jl2 


11        13   lU  13  13  12116  15  12 


13 


1213  1415114  15, 12'13 

!  .ill 


15  16  14     1415 


Fioni  tills  we  see  that  the  order  of  magnitude  is  as  follows: 


LilSHCll, 

Herschel, 
Mason, 


1,  2,  3,  5,  6,  7,  8,  10,  11,  12,  13,  15,  28,  35,  73; 
1,  2,  3.  5,  6,  7,  13,  .35,  8,  11,  12,  73,  10,  15,  28: 
1,     2,     5,     G.     12,     3,       7,     13,     10,    35,       8,     73.     11,     15,    28. 


A  sffspiria/i  of  varia])ilitv  exists  as  to  stars  12,  13,  10,  35,  8, 
78,  11,  15,*  28,  but  35,  8, 15  and  73  are  the  only  cases  in  which  a 
'probahility  of  variability  exists  and  even  in  these  cases  it  is 
slight,  tf  my  identification  of  Lassell's  73  on  the  other  draw- 
ings is  correct,  there  is  a  mistake  in  his  magnitude.  A  toler- 
ably bright  star  is  very  near  its  place. 

*  See  p.  359. 
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lY.  Examwation  of  Hie  Question  as  to  the  Motion  of  ike  Nebula 

relaiit^e  to  i/te  Stars. 

It  will  be  remembered  that  the  seven  drawings  of  this  nebnla 
which  we  possess  were  made  in  the  years  1883,  1887,  1889, 
1862  and  lo75  quite  independently,  by  diflFerent  observers  and 
different  telescopes.  It  is  evident  that  in  cases  where  these  dif- 
ferent drawings  agree,  there  can  be  no  doubt  as  to  the  existence 
of  the  feature  delineated.  The  non-existence  of  any  prominent 
feature  not  given  is  probable,  although  not  certain.  To  ex- 
amine the  question  proposed  at  the  head  of  this  section,  it  will 
be  advantageous  to  divide  the  drawings  into  three  groups,  the 
first  consisting  of  all  figures  made  before  1840  (Herschers, 
Lamont's,  Mason's),  the  second,  of  Ijasseirs  fine  delineation, 
which  is  entitled  to  very  great  weight,  and  the  third,  of  the  two 
drawings  made  by  M.  Trouvelot,  one  at  Cambridge  and  the 
other  at  Washington.  It  is  well  to  recall  the  fact  that  Hers- 
chel's  two  figures  were  made  with  his  20-foot  reflector  of  18^ 
inches  aperture;  Lamont's  with  the  Munich  refractor  of  11 
inches ;  Mason's  with  a  14-foot  reflector  of  12  inches ;  Lassell's 
with  his  4foot  reflector ;  M.  Trouvelot's  first  drawing  with  a  6J 
inch  Merz  refractor,  and  the  Naval  Observatory  drawing  with 
the  very  perfect  Clark  refractor  of  26  inches. 

To  prove  the  existence  of  a  change  it  is  necessary  and  suflB- 
cient  to  show  that  a  prominent  feature  which  the  first  group  of 
drawings  give?*,  is  in  a  different  position  relative  to  the  stars  in 
Lassell's  drawing  and  that  the  motion  thus  shown  is  confirmed 
and  continued  by  the  two  figures  of  1875,  much  greater  weight 
being  given  to  the  work  of  the  larger  instrument  in  1875.  It 
must  be  remembered  that  with  two  instruments  of  equal  lights 
hardly  more  discrepancy  in  the  positions  of  the  brighter  portions 
of  the  nebula  is  to  he  expectea  than  in  the  stnr- positions,  for 
these  positions  are  determmed  by  the  stars  themselves  and  can 
be  assigned  with  almost  no  error,  in  a  nebula  which  contains 
so  many  stars  as  the  one  under  consideration.  The  fainter  por- 
tions may  vary  greatly  from  the  smaller  to  the  larger  instru- 
ment^.  No  relative  numerical  weight  can  be  assigned  to  the 
various  drawings,  even  if  it  were  desirable  to  do  this,  but  it 
may  be  remarked  that  Mason's,  Hei'schers  (1837),  Lasseirs  and 
that  of  the  Naval  Observatory  are  of  the  greatest  authority. 
Herschel's  first  drawing,  he  himself  does  not  consider  compar- 
able in  accuracy  to  his  second  :  Lament's  is  of  great  weight  as 
to  the  relative  star- positions,  but  was  not  intended  as  anything 
more  than  a  "sketch,"  and  Trouvelot's  first  figure  while  un- 
doubtedly of  high  accuracy  as  far  as  his  instrumental  means 
were  satisfactory,  is  yet  not  strictly  comparable  with  the  work 
of  Herschers  and  Lassell's  reflectors,  or  to  his  own  work  with 
the  Naval  Observatory  refractor. 
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In  Table  Vll,  I  have  thrown  into  a  convenient  form  the 
evidence  for  or  against  a  motion  of  the  ^'horseshoe"  with 
reference  to  its  contained  stars.  It  will  be  remembered  that 
so  far  as  our  evidence  goes  (see  Tables  III  and  V)  the  rela- 
tive position  of  the  stars  themselves  has  not  changed ;  as 
the  agreement  of  the  careful  measures  of  Lamont  and  Lassell 
(whose  observations  are  separated  by  25  years)  is  quite  as  good 
as  can  be  expected.  In  Table  V  none  of  the  residuals  are 
greater  than  the  limits  of  error  supposed  by  the  various  ob- 
servers to  exist  in  their  own  work ;  and  most  of  them  are  less. 
It  is  moreover,  plain  that  if  the  star-positions  had  changed 
while  the  nebula  also  moved,  even  this  fact  would  not  eflfect  the 

Juestion  as  to  whether  the  line  joining  two  stars,  say  10  and 
1,  was  triside  or  outside  of  the  nebulosity.  It  is  therefore  in 
this  way  that  I  have  presented  the  evidence  concerning  the 
motion  of  the  ** horseshoe"  relative  to  the  principal  stars. 
That  is,  I  take  a  certain  line,  as  that  one  joining  stars  No.  10 
and  11  and  terminated  by  them,  and  arranging  the  drawings 
chronologically,  I  enquire  how  this  line  is  situated  with  regard 
to  the  nebula  in  the  various  delineations  Is  it  all  inside,  or 
partly  outside  ?  If  partly  outside,  what  fraction  of  its  length 
IS  outside?  The  single  exception  to  this  method  is  that  of  star 
11,  whose  remarkable  situation  in  the  various  drawings  of  the 
nebula  first  led  me  to  suspect  a  changa 

The  number  of  independent  proofs  of  the  change,  is  not  quite 
so  great  as  the  number  of  columns  in  Table  VII,  since  most  of 
the  evidence  rests  upon  the  positions  of  stars  i,  34,  35,  2,  10, 
11. 

It  will  be  seen  that  not  only  is  the  change  progressive  from 
group  I  to  group  II  and  from  this  to  group  III  but  that  in 
general  it  is  even  progressive  from  drawings  1  to  7. 

The  cxcej)tion  to  this  general  progression  is  fig.  6,  made  by 
M.  Trouvelot  with  his  6J  telescope  shortly  before  the  drawing 
No.  7.  It  will  be  observed  that  in  many  particulars  his  de- 
scription corresponds  to  that  given  by  the  figures  1  to  4  ;  which 
might  indicate  that  the  differences  observed  are  only  such  as 
might  be  expected  from  the  employment  of  different  telescopes 
by  different  observers.  This  explanation*  I  do  not  believ^e  to 
be  the  corn^ct  one,  for  the  reason  that,  ^?"*/,  no  explanation  is 
thus  attained  of  the  large  and  consistent  differences  between 
the  drawing  of  Lassell  and  that  of  the  Naval  Observatory  ;  and 
second,  that  an  examination  of  the  position  of  the  line  of  maxi- 
mum briorhtness  in  the  earlv  fiirures,  and  in  that  made  bv  M. 
Trouvelot  at  Cambridge,  shows  that  so  far  as  the  evidence  goes, 
tlie  line  of  inaxtmuin  brightness  in  tlie  western  half  of  the  horse- 
shoe, is  now  further  to  the  east  than  it  was  in  1834-9.  It  is 
evident  that  if  the  line  of  maximum  brightness  was  plainly  laid 
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down  by  each  observer  no  difficulty  would  be  found  in  mak- 
ing an  exact  comparison,  and  it  will  be  found  from  an  exam- 
ination of  the  original  engravings  that  the  tracing  of  such  a  hne 
on  them  is  a  matter  of  some  difficulty.  Still,  it  is  believed  that 
sufficient  definiteness  can  be  attained  to  show  that  on  the  whole 
Trouvelot's  Cambridge  drawing  is  consistent  with  the  cod- 
elusion  above  given.  In  particular,  his  star  Na  1  is  not  at  all 
on  the/olhtving  edge  of  tne  nebulosity,  but  well  within  it,  to- 
wards the  preceding  side,  thus  totally  differing  from  the  ap- 
pearances laid  down  by  all  eariier  drawings.  Again,  he  rep- 
resents the  space  within  the  horseshoe  and  north-following  star 
No.  1,  to  be  largely  filled  with  nebulosity,  quite  consistently 
with  the  Naval  Observatory  drawing,  and  utterly  different  from 
the  drawing  of  Lassell  (see  Fi^.  Q\     This  fact  is  of  great  im- 

E^rtance,  since,  if  the  nebulasity  followed  stSLV  Na  1,  in  1862, 
assell  would  have  so  represented  it  (as  he  did  not)  and  as 
Trouvelot  has  so  drawn  it,  it  is  plain  that  an  important  change 
must  have  occurred  to  render  it  possible  for  a  six-inch  aperture 
to  show  nebulosity  in  1875,  in  a  space  perfectly  void  of  nebu- 
losity to  Lassell's  great  reflector  in  1862.  On  the  whole^  then^ 
these  drawings  show  that  the  western  end  of  this  nebula  has  moved 
relatively  to  its  contained  stars  from  1888  to  1862,  and  again  from 
1862  to  1876,  and  always  in  the  same  direction, 

I  conceive  that  this  is  the  best  conclusion  that  can  be  drawn 
from  the  ensemble  of  the  drawings.  If  we  confine  our  atten- 
tion to  the  three  best  ones,  viz :  Herschel's  (1837),  Lasseirs 
(1862),  and  that  of  the  Naval  Observatory  (1875),  this  conclu- 
sion comes  out  with  greater  distinctnesa  There  is  only  one 
important  feature  in  these  three  drawings  which  does  not 
stnctly  agree  with  this  supposition,  namely  that  star  No.  1  is 
in  the  same  position  with  reference  to  the  nebulosity  in  the 
first  two  of  these  which  were  made  at  an  interval  of  twenty- 
five  years  and  that  they  both  difler  from  the  last  drawing  made 
thirteen  years  after  LasselPs.  Tn  every  other  respect  the  agree- 
ment is  strictly  with  the  above  conclusion,  and  however  much 
weight  I  might  have  been  inclined  to  give  to  this  disagreement, 
if  the  only  data  were  those  of  the  drawings,  I  cannot  regard  it 
as  final  in  the  light  of  a  most  careful  examination  of  the  neb- 
ula on  the  very  fine  night  of  March  21,  1876,  when  the  various 
drawings  were  compared  with  the  heavens.  I  add  from  the 
observing  books  a  literal  copy  of  my  recorded  observations  on 
that  occasion. 

Extract  from  Obeerving-Book. 

**1876.    March  21.     16^-1 7»».      Observer  Holden,  Recorder, 

D.  P.  Todd. 
Omega-Nebula.     R  A.     18^  12»  N.  P.  D.  106° -2.     Magni- 
fying power  176. 
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Star  No.  1  brighter,  but  Dot  much  than  2.  It  precedes  j%  of 
3  nebulosity  of  the  preceding  hook  of  the  horseshoe.  The 
e  joining  1  and  10  is  barely  inside  the  nebulosity.  The  line 
ning  10  and  8  is  inside  the  nebulosity  but  not  much.  11  is 
jt  on  following  edge  of  the  nebulosity.  84  foUows  the  west 
nnch  of  horseshoe,  about  ^  the  distance  2-7  [this  is  a  rough 
iimate  only]  and  is  clear  of  any  nebulosity.  The  middle  ^ 
the  line  6-1  is  in  the  dark.  The  line  6-85  is  all  in  the  neb- 
L  8,  73,  11  about  the  same  magnitude ;  78  is  in  faint  neb- 
Dfiity,  on  the  preceding  edge  of  it  Between  11  and  78  very 
nt  nebulosity  which  joins  these  two  stars.  Line  8-13  is  just 
lide  the  nebula. — Star  No.  1  certainly  precedes  ^^^ths  of 
»t  branch  of  horseshoa  Line  1-84  has  its  west  /^ths  in 
bula.  34  seems  to  be  in  the  dark.  Certainly  a  connection 
ross  11-73  more  distinct  than  in  Naval  Observatory  drawing 
more  definite. 
Line  10-11  is  all  inside  nebulosity. 

"      1-36     **        "  " 

"    10-18  runs  through  fainter  nebulosity. 
,   14,  10  are  on  foUowing  side  of  a  bay  which  is  filled  with 
ry  faint  nebulosity.     48  brighter  than  15.     44>42>'16  but 
3  inequality  is  not  great     15  is  the  faintest  star  of  48,  44,  42 
d  15. 

The  dark  space  within  the  horseshoe  and  bounded  by  2,  7, 
,  11  is  elliptic  ;  the  largest  diameter  is  perpendicular  to  the 
e  8-14,  ana  the  diameters  are  as  6  to  4.  It  seems  more  reg- 
ir  in  shape  than  in  Naval  Observatory  sketch.  Line  1-86 
>8ses  fainter  part  of  nebula  about  \  of  the  way  from  1  to  26 
d  nearer  1.  Preceding  the  line  1-10  is  a  darker  space  about 
ual  in  width  to  the  distance  1-6.  Preceding  that,  the  sky  is 
bulous  for  10'  at  least  [This  requires  confirmation.]  There 
El  faint  prolongation  from  6  towards  south  preceding.  The  shape 
Herschel's  resolvable  knot  is  correctly  laid  down  by  Trou- 
lot  Two  stars  at  its  southern  point  and  a  star  at  or  near  junc- 
►n  of  the  two  prongs  of  this  knot  Sky  more  transparent  than 
lave  ever  seen  it  Much  annoyed  by  the  forming  of  clouds.'' 
It  will  be  seen  that  it  cannot  be  doubted  that  star  No.  1  is  now 
a  position  relative  to  the  nebulosity  quite  difi'erent  from  that 
d  down  by  Lassell  in  1862.  Further,  all  the  earlier  drawings 
cept  Herschel  1837,  put  star  No.  1  well  within  the  nebula, 
d  hence  we  are  forced  to  the  conclusion  that  the  west  half  of 
e  horseshoe  has  moved  with  reference  to  this  star.  Trouve- 
t's  drawing  with  his  small  telescope  is  the  only  one  not  show- 
5  a  similar  and  consistent  motion  with  reference  to  the  group 
stars  10,  11,  3,  13,  15,  etc.,  and  even  here  we  find  evidence 
changes  in  the  same  direction  from  the  earlier  drawings  and 
e  conclusion  of  the  motion  of  the  west  one-half  of  the  borse- 
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shoe  with  reference  to  its  contained  stars  acquires  new  weiglit 
The  eastern  half  of  the  horseshoe,  or  at  least  that  portion  of  it 
north  of  stars  2  and  7  shows  on  the  contrary  no  evidence  of 
such  motion. 

The  observed  changes  in  the  drawings  may  be  best  accounted 
for  by  supposing  a  bodily  shifting  of  the  whole  of  the  horseshoe 
in  a  plane  nearly  perpendicular  to  the  line  of  sight,  and  on  a 
pivot  situated  somewhere  in  the  region  of  star  No.  8,  though, 
of  course,  it  is  not  supposed  that  this  is  a  real  explanation  of 
the  physical  changes. 

A  careful  study  of  the  evidence  relating  to  the  Messierian 
streak  indicates  no  motion  with  reference  to  the  contained  stars. 
Graphic  metho<ls  lead  to  the  angles  of  position  of  this  portion 
given  below,  with  which  I  have  incorporated  the  results  of 
measures  by  D* Arrest  and  Schoenfeld. 

Herschel,  1833:        p=119^  f  Schoenfeld,  1862 :  p=n2*, 

Herschel,  1837:        p=119^  mean  of  two,  116%110  . 

Lament,  1837  :  p=113**?  Lassell,  1863  :  ? 

Mason,  1839:  p=116°.  Trouvelot,  1876:  p=ll3^ 

♦D* Arrest,  1856  :      p=122".  Naval  Observatory,  1876:  p=119^ 
mean  of  two,  128°,  116^ 

To  sum  up : — Tables  III  and  V  show  that  the  stars  have  re- 
mained in  their  relative  positions  from  1887  to  1875 ;  and  a 
consideration  of  the  drawings,  whether  taken  as  a  whole  or  con- 
sidered according  to  their  relative  importance,  shows  that  the 
horseshoe  has  moved  with  reference  to  the  stars  while  the 
Afessierian  streak  has  not  moved,  and  that  therefore  we  have  evi- 
deuces  of  a  chatige  going  on  in  this  nebufa. 

This  may  be  a  veritable  change  in  the  structure  of  the  nebula 
itself  such  as  was  suspected  by  Schroeter,  confirmed  by  Otto  v. 
Struve  and  again  connrmed  by  myself  in  the  Nebula  of  Orion, 
or  it  may  be  the  bodily  shifting  ot  the  whole  nebula  in  space  in 
some  plane  inclined  to  the  line  of  sight 

A  remarkable  instance  of  a  proper  motion  of  this  latter  kind 
is  that  of  the  Trijid  Nebula  G.  C.  4865,  which  has  moved  since 
1833  so  that  the  remarkable  triple-star  which  was  then  quite 
clear  from  the  nebulosity  in  a  dark  space  formed  by  the  junc 
tion  of  the  three  dark  channels,  is  now  by  the  evidence  of  Las- 
sell  (1868)  Winlock  and  Tn^uvelot  (1874)  and  myself  (1875)  well 
involved,  the  motion  being  confirmed  by  Herschers  drawing  at 
the  Cape  of  Good  Hope  (1837)  and  Mason^s  of  about  the  same 
date. 

The  importance  of  the  theoretical  conclusions  as  to  the  con- 
stitution and  distance  of  the  nebulae,  to  be  derived  from  the 
first  well -authenticated  instance  of  the  variation  in  form  of  any 
one  nebula,  have  seemed  to  me  to  justify  the  discussion  of  the 

*  Abband.  d.  IL.  ^^.  k<(^.  d.^^laBQM^cAS^T^  Bd.  ▼. 
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imperfect  evidence  now  existing  in  regard  to  the  one  under 
consideration ;  and  it  must  be  remembered  that  no  matter  how 
inadequate  this  evidence  may  at  first  sight  appear  to  be,  it  is 
yet  as  full,  minute  and  complete  as  that  relating  to  any  single 
nebula  except  that  of  Orion ;  and  if  the  drawings  here  consid- 
ered are  not  sufficient  to  prove  a  change  or  the  absence  of  a 
change,  we  are  reluctantly  driven  to  the  conclusion  that  the 
work  done  by  astronomers  in  this  direction  has  been  largely 
wasted.  I  hope  that  the  evidence  here  adduced  may  be  deemea 
of  sufficient  importance  to  warrant  the  great  expense  of  time 
and  labor  necessary  to  a  detailed  monographic  study  of  this 
nebula,  which  ma^  serve  for  future  referenca  There  is  proba- 
bly no  nebula  visible  in  the  northern  hemisphere  more  worthy 
of  such  examination. 

U.  a  Naval  Obeervatory,  April,  1876. 


Art.  XLin. — Brief  Contributions  Jrom  the  Physical  Laboratory 
of  Harvard  College,  No.  XVIII. — On  the  effect  of  thin  plates 
of  Iron  used  as  armatures  for  Electro  Magnets,  and  a  new  form 
of  Induction  Coil;  by  JoHN  TROWBRIDGE,  assistant  Profes- 
sor of  Physics. 

In  a  paper  oresented  to  the  American  Academy  of  Arts  and 
Sciences,  April  13,  1876, 1  showed  that  the  application  of  arma- 
tures to  two  straight  electro-magnets,  which  formed  the  primary 
circuit  of  a  Ruhmkorff  coil  more  than  doubled  the  strength  of 
the  induction  current  produced  by  breaking  the  primary  cir- 
cuit When,  however,  the  circuit  of  the  secondary  coil  was  not 
closed,  and  a  spark  was  allowed  to  jump  across  tlie  interval  be- 
tween its  poles,  the  striking  distance  of  the  spark  and  its  power 
to  charge  a  condenser  did  not  seem  to  be  notably  increased  by 
the  application  of  armatures  to  the  electro-magnets  of  the  pn- 
mary  circuit  My  experiments  at  that  time  were  made  with 
solid  iron  cores;  and  I  now  resume  these  experiments  with 
bundles  of  fine  iron  wires  in  place  of  the  solid  iron  cores.  The 
mechanical  difficulty  of  making  the  ends  of  the  bundle  of  fine 
iron  wires  constituting  the  cores  plain  surfaces  was  overcome 
by  dipping  them  in  melted  solder  and  then  filing  the  ends 
smooth.  In  this  way  I  had  no  trouble  in  applying  the  arma- 
tures so  that  they  should  lie  upon  a  plain  surface.  The  re- 
sistance of  each  of  the  two  induction  coils  covering  the  two 
straight  electro-magnets  was  6000  ohms ;  and  that  of  each  of 
the  straight  electro-magnets,  '34  of  an  ohm.  The  diameter  of 
the  bundles  of  fine  iron  wires  constituting  the  cores  was  5  cm. 
and  the  length  of  the  electro-magnets  28  cm.     Condensers  of 
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Tarious  sizes  were  placed  in  the  primary  circuit  The  results 
given  in  this  paper  were  obtainea  by  the  use  of  a  condenser  of 
aboat  one  farad.  The  method  of  experimenting  was  to  charge 
a  condenser  of  one-third  of  a  fiurad ;  and  then  to  dischai^e  this 
condenser  through  a  galvanometer.  If  we  express  the  quantity 
of  electricity  receiv^  by  the  condenser  by  Q,  the  electromo- 
tive force  by  £,  and  the  capacity  of  the  condenser  by  C,  we 

have  Q= —  sin  J  ^,  where  n  is  the  reduction  factor  of  the 

galvanometer,  i  the  time  of  vibration  of  the  magnet,  and  0  the 
angle  through  which  it  swings  under  the  effect  of  the  change. 
Knowing  the  reduction  factor  of  my  galvanometer,  I  had  thus 
the  means  of  reducing  my  results  to  absolute  measure.  But  I 
speedily  found  that  the  relative  results  obtained  by  the  pro- 
portions 

Q:  Q'=sini^;  sin  i  <y=E :  E' 

would  present  the  points  of  this  investi^tion  in  as  clear  a  man- 
ner as  if  the  results  had  been  reduced  to  absolute  magnetic 
measure.  My  first  experiments  were  made  with  solid  arma- 
tures. 

Tabub  L  I  Tabu  IL 

Wlthoul  armaturea.        With  annaturee.!        .  .  

Tan  d.  Tan  9.        \        Without  plates.      With  plates. 

80  90  80  400 

70  80  70  380 

90  100  90  370 

60  70  !                 60  400 

70  86  i                  70  370 

80  90  I                  80  400 


Mean,  75  86  I     Mean,  76        Mean,   386*6 

In  table  I  the  numbers  are  the  deflections  of  the  reflecting 
galvanometer  expressed  in  millimeters,  and  the  distance  of  the 
scale  from  the  magnet  was  one  meter.  In  this  case  the  gain  by 
the  use  of  the  armatures  was  trifling,  beinff  only  about  four- 
teen per  cent.  These  results  were  obtained  by  charging  the 
condenser  of  one-third  of  a  farad,  by  sparks  one  millimeter  in 
length.  On  a  closed  secondary  circuit,  however,  a  gain  of  one 
hundred  per  cent  was  clearly  seen  in  the  strength  of  the  in- 
duced currents  produced  by  breaking  the  primary  circuit.  The 
question,  how  to  make  this  increase  in  the  strength  of  the  in- 
duced current  by  the  employment  of  armatures  apparent  on  a 
broken  secondary  circuit,  became  an  interesting  one.  It  seemed 
at  first  as  if  the  application  of  armatures,  by  maintaining  the 
temporary  magnetization  of  the  iron  cores  would  be  detri- 
mental rather  than  otherwise.  I  next  tried  the  effect  of  bun- 
dles of  thin  iron  plates,  which  were  placed,  as  armatures,  upon 
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both  poles  of  the  electro-magnet,  thus  making  a  magnet  of  a 
horse-shoe  form.  On  charging  the  condenser,  I  found  a  very 
great  increase  in  quantity,  which  was  manifested  by  the  swing 
of  the  galvanometer  needle;  the  indicator  being  entirely  off 
the  scale. 

Table  II  shows  the  results  obtained  by  the  use  of  iron  plates 
one  and  one-quarter  of  an  inch  in  thickness,  twenty  in  number, 
constituting  each  armature. 

Here  a  gain  of  four  hundred  per  cent  was  manifested  by  the 
use  of  thin  plates.  The  next  step  was  to  ascertain  how  many 
plates  were  necessary  to  obtain  the  maximum  effect  The  dii- 
nculty  of  obtaining  plates  of  the  same  homogeneity,  made  it 
impossible  to  obtain  smooth  curves.  To  this  difficulty  was 
added  that  of  breaking  the  primary  circuit  in  a  regular  manner. 
If  the  results  of  Table  III  are  plotted,  it  will  be  seen  that  the 
increase  within  small  limits,  is  very  nearly  proportional  to  the 
number  of  thin  plates,  which  were  ^'j  of  an  inch  in  thickness. 

Tabli  in. 

No.  of  Plfttes.  Deflection  of  Gkdv.  No.  of  Plates.  Defleotioii  of  OalT; 

1  11  6  16 

2  12  7  16-6 

3  13  8  16 

4  13  9  18 

5  14  10  18-6 

On  increasing  the  number  of  plates  a  point  was  reached  where 
there  was  no  additional  effect  The  best  result  was  obtained 
when  the  mass  of  the  armatures  was  approximately  equal  to 
that  of  the  cores  of  the  electro-magnets.  Plates  of  j^^  of  an 
inch  were  also  used,  but  no  advantage  resulted  in  their  employ- 
ment over  those  of  ^\  of  an  inch.  It  would  seem  that  the 
thin  plates  followed  the  same  law  as  that  of  the  bundle  of  fine 
iron  wires  which  constitute  the  cores  of  induction  coils  of  the 
present  day,  and  that  only  a  moderate  degree  of  discontinuity 
m  the  mass  of  iron  submitted  to  magnetic  influence  is  neces- 
sary to  prevent  the  formation  of  currents  of  induction,  which 
prolong  the  magnetism  of  the  cores,  and  prevent  the  quick  de- 
magnetization necessary  to  produce  intense  currents  of  induc- 
tion. The  effect  of  insulating  the  thin  plates  with  the  dielec- 
trics was  also  tried  with  no  gain  in  effect  There  appeared  to 
be  a  slight  gain  by  placing  the  plates  edgewise  on  the  poles  of 
the  magnets  instead  of  allowing  them  to  repose  on  tneir  flat 
faces.  This  was  doubtless  due  to  better  contact  of  the  me- 
tallic surfaces. 

Since  the  above  results  proved  conclusively  a  very  great  gain 
in  quality  and  electrometric  force  by  the  application  of  thin 
plates  as  armatures,  I  next  measured  thestrikmg  distance  of  the 
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spark.     Table  lY  gives  the  results  which  are  the  mean  of 

many  trials. 

Tabli  IY. 
Without  armatureB.  With  annatures. 

15  cm.  32  cm. 
14  30 

16  32 

Mean,  14-5  31*3 

A  carioas  fact  came  to  light  in  this  connection ;  the  lengthen- 
ing of  the  spark  was  not  shown  when  the  spark  leaped  directly 
between  the  poles  of  the  induction  coil ;  the  increase  in  quan- 
tity and  electromotive  force,  was  only  made  manifest  to  the  eye 
by   the  employment  of  condensers  in  the  secondary  circuit 
The  results  in  Table  IV  were  obtained  by  the  employment  of  a 
leyden  jar  of  large  capacity.     The  increase  in   the  quantity 
and  electromotive  force  was  not  only  shown  by  the  increased 
length  of  the  spark,  but  also  by  its  increase  in  volume,  and  its 
louder  snap.     The  spark  consisted  of  a  thick  central  bolt  sur- 
rounded by  curious  thin,  detached  sparks.     An  attempt  was 
made  to  measure  the  increase  of  light  in  the  Geissler  tubes  by 
Vierodt  s  photometric  apparatus,  but  it  was  found  too  inexact 
for  this  purpose ;    if,  indeed  there  was  any  increase  of  light, 
which  remains  to  be  proved.     I  know  of  no  results  which  bear 
upon  the  relation  of  the  increase  of  light  to  the  increase  of  elec- 
tromotive force  of  the  induction  spark.     Without  condensers 
in  the  secondary  circuit,  however,  the  increased  electromotive 
force  of  the  spark  was  shown  by  its  greater  constancy  in  leaping 
over  a  given  resistance  of  air. 

Unless  an  instrument  is  desired  for  popular  scientific  lectures, 
length  is  not  so  much  to  be  desired  as  quantity  of  electricity  of 
a  spark,  and  in  this  form  of  induction  coil  the  gain  is  princi- 
pally in  quantity,  although  it  is  true  that  with  the  aid  of 
leyden  jars,  the  striking  distance  is  increased  one  hundred  per 
cent    The  f)rincipal  points  of  this  paper  can  be  thus  summed  up : 

1.  The  application  of  thin  plates  of  sofl  iron  upon  the  poles 
of  two  straight  electro-magnets,  with  bundles  of  fine  iron  wires 
for  cores,  increases  the  strength  of  the  spark  produced  at  the 
poles  of  the  secondary  coils  surrounding  the  electro-magnets, 
four  hundred  per  cent. 

2.  The  length  of  the  spark  is  increased  one  hundred  per  cent 
This  gain  in  length  is  only  manifested  by  the  employment  of 
leyden  jars  of  large  capacity,  which  are  connected  with  the  sec- 
ondary circuit 

3.  Instead  of  distributing  the  fine  wire  of  a  Ruhmkorff  coil 
upon  a  straight  electro-magnet,  as  is  done  at  present,  this  wire 
should  be  distributed  equally  upon  two  straight  electro-magnets, 
whose  poles  should  be  provided  with  armatures  of  bundles  of 
thin  plates  of  soft  iron. 
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^RT.  XLVL — Communications  from  tlie  Laboratory  of  Williams 
College.  No.  VL — Concerning  Phosphorus  Oxychloride;  by 
Ira  Bemsen. 

The  fact  was  recently  established*  that  carbon  monoxide, 
hough  it  must  be  considered  as  an  unsaturated  compound, 
loes  Dot  readily  combine  with  the  oxygen  from  ozone  to  form 
he  saturated  dioxide.  Indeed  it  was  impossible  to  discover 
my  conditions  under  which  such  a  combmation  takes  place. 

Although  it  is  known  that  ozone  does  readily  oxydize  many 
ubstances,  it  seemed  to  me  desirable  to  further  test  its  action 
ipon  bodies  which  are  genemlly  recognized  as  unsaturated. 
?or  this  purpose  I  have  first  employed  phosphorus  trichloride 
n  the  hope  of  obtaining  the  oxycnloride,  POUl,.  The  method 
)f  formation  of  the  oxychloride  thus  indicated  would  be  inter- 
sting  from  more  than  one  stand-point,  as  will  be  pointed  out 
)elow. 

It  has  already  been  shown  by  Brodief  that,  when  oxygen  is 
jassed  into  phosphorus  trichloride  at  the  boiling  temperature 
>f  the  latter,  a  partial  transformation  into  the  oxychloride  takes 
)lace;  and  MichaelisJ  subsequently  showed  that  this  transfor- 
nation  or  oxydation  is  exceedingly  incomplete,  even  though 
he  process  be  continued  for  two  or  three  days.  An  analogous 
ixperiment  has  also  been  performed  by  Henry, §  who  proved 
hat,  when  sulphur  and  phosphorus  trichloride  are  heated  to- 
;ether  in  a  sealed  tube  at  130®,  the  sulphochloride  PSCl,  is 
ormed.  It  is  plain  that,  in  both  of  these  experiments,  one  of 
he  forces  which  opposes  the  combination  is  that  which  binds 
ogether  the  atoms  of  oxygen  in  the  molecule  of  oxygen,  and 
he  atoms  of  sulphur  in  the  molecule  of  sulphur;  and  hence, 
f  we  could  employ  free  atoms  of  oxygen  or  sulphur  instead  of 
heir  molecules,  we  would  expect  the  action  to  take  place  much 
nore  readily.  In  the  case  of  sulphur,  it  is  not  possible,  as  far 
LS  we  know  at  present,  to  obtain  free  atoms  or  unstable 
nolecules  which  by  their  breaking  up  yield  free  atoms.  In 
>zone,  however,  we  have  such  an  unstable  molecule  of  oxygen. 
^s  we  have  seen  in  the  experiment  with  carbon  monoxide, 
ibove  referred  to,  ozone  does  not  always  appear  to  furnish  free 
•toms  of  oxygen  when  we  might  expect  it  to,  and  hence  the 
orraation  of  phosphorus  oxychloride  by  the  action  of  ozone 
tould  not  be  predicted  with  any  certainty.  Experiment  proved, 
lowever,    that   the   formation   actually  does  take  place  with 

*  This  Journal,  voL  xi,  p.  1 36. 
•Odling'a  Handbook,  i,  297. 
; ;  Gmelin-Kraut's  Handbuch  der  Chemie,  I,  i,  391. 
§  Berliner  Berichte,  ii,  638. 
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^reat  ease,  and  that   phosphorus  oxychloride  may  be  obtained 
in  this  way  in  any  quantity. 

Pure  phosphorus  terchloride  boiling  at  77°  was  placed  in  a 
flask.  In  the  cork  of  the  flask  were  three  openings.  In  one  of 
these  was  inserted  a  thermometer  which  dipped  into  the  liquid; 
in  another  was  a  tube,  leading  from  the  ozone-generator,  which 
served  to  conduct  the  ozone  into  the  liquid;  in  the  third  was 
placed  a  tube  which  in  turn  was  connected  with  an  inverted 
Liebig's  condenser,  the  latter  serving  to  condense  and  return  to 
the  flask  any  vapors  that  might  be  formed.  Oxygen,  thoroughly 
dried  by  sulphuric  acid  and  calcium  chloride,  was  now  pa^seS 
through  the  tube  which  served  as  ozone-generator.  At  first  I 
employed  a  Siemen's  ozone-tube  which  was  connected  with  an 
induction-coil.  The  action  in  this  case  was  not  marked,  al- 
though I  soon  observed  that  the  thermometer  indicated  a  rise 
in  the  temperature  of  the  trichlorida  At  the  beginning  of  the 
operation  the  temperature  of  the  liquid  in  the  flask  was  the 
same  as  that  of  the  air  in  the  room,  viz:  15°.  In  a  short  time 
it  rose  to  86°  where  it  remained  stationary,  as  long  as  ozone 
was  conducted  into  the  liquid.  As  soon  as  the  current  was 
stopped,  the  temperature  began  to  fall  and  continued  to  fall 
gradually  until  tne  ordinary  temperature  was  reached. 

In  about  an  hour  the  process  was  interrupted,  and  the  liquid 
subjected  to  distillation.  Its  boiling  point  was  markedly 
changed.  Only  a  drop  or  two  passed  over  before  the  thermome- 
ter indicated  80°  and  then  the  mercury  rose  gradually  to  110° 
when  all  had  passed  over.  About  half  the  liquid  boiled  below 
90°.  This  was  again  subjected  to  the  action  of  ozone,  but  now 
instead  of  using  Siemen's  tube,  as  at  first,  Wright's  tube  con- 
nected with  the  Holtz  electrical  machine  was  used,  and  with 
much  better  results.  The  arrangement  of  the  apparatus  in  this 
second  experiment  was  the  same  as  in  the  first  The  tempera- 
ture of  the  liquid  in  this  case  also  began  to  rise  as  soon  as  the 
ozone  was  passed  into  it  In  a  few  minutes  the  thermometer, 
which  at  the  beginning  of  the  operation  indicated  15*5°  stood 
at  44°,  where  it  continued  to  stand  with  slight  fluctuations  dur- 
ing the  entire  process.  At  the  surface  of  the  liquid  the  increase 
in  the  temperature  was  so  marked,  that  a  portion  was  converted 
into  vapor,  which  was  returned  to  the  flask  by  means  of  the 
condenser.  In  the  flask,  a  few  drops  of  a  yellowish,  resinous 
material  made  their  appearance,  principally  at  the  end  of  the 
ozone  delivery-tube.  The  quantity  of  this  substance  formed 
was  so  small,  as  to  preclude  the  possibility  of  an  investigation. 
On  repeating  the  experiment  subsequently,  this  substance  al- 
ways appeared  as  a  product  Whatever  it  is,  it  seems  to  be 
somewhat  volatile  with  the  vapor  of  the  oxychloride  of  phos- 
phorus. 
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The  passage  of  ozone  into  the  flask  was  continued  for  about 
half  an  hour  in  the  second  experiment,  and  the  product  was 
then  examined.  About  three  quarters  of  the  liquid  now  boiled 
above  100°,  and  it  did  not  commence  to  boil  below  85**.  By 
the  first  distillation  it  was  thus  separated  into  two  parts, 
one  boiling  below  100**,  and  the  other  boiling  above  100**.  The 
latter,  without  further  treatment,  was  at  once  analyzed.  A 
small  quantity  was  weighed  in  a  sealed  bulb,  and  the  bulb 
then  broken  under  water.  After  decomposition,  pure  nitric 
acid  was  added  and  the  solution  then  precipitated  with  silver 
nitrate. 

0*251  grams  of  the  substance  gave  0'6842  grams  AgCl  = 
0  1692  grams  CL 

This  corresponds  to  6741  per  cent  of  chlorine,  while  phos- 
phorus oxychloride  contains  69*87  per  cent  of  chlorine  and  the 
trichloride  77*4  per  cent  chlorine.  This  analysis  could  hardly 
be  expected  to  give  more  satisfactory  numbers,  as  very  little 
precaution  was  taken  to  separate  the  pure  oxychloride  from 
the  mixture.  It  proves,  however,  that  the  liquid  under  exami- 
nation contains  markedly  less  chlorine  than  tne  trichloride  with 
which  we  started,  and  nearly  the  same  amount  as  the  oxychlo- 
ride which  we  would  expect  to  be  formed  under  the  circum- 
stances described.  The  deficit  in  chlorine  may  be  accounted 
for  by  considering  the  yellow  resinous  material,  above  referred 
to,  08  being  free  Lm  chlorine  and  beine  also  somewhat  vola- 
tile  with  the  vapors  of  phosphorus  oxychloride. 

In  addition  to  the  above  facts,  it  was  found  that  the  liquid 
was  decomposed  slowly  by  cold  water — much  less  readily  than 
the  trichloride— and  as  a  product  of  the  decomposition  with 
water,  a  large  amount  of  phosphoric  acid  was  formed.  Taking 
then  everything  into  consideration,  there  cannot  be  much  doubt 
that,  when  ozone  acts  upon  phosphorus  trichloride,  the  latter  is 
readily  converted  into  the  oxychloride. 

The  reaction  is  analogous  to  those  referred  to  above,  viz : 
the  production  of  the  oxychloride  by  the  action  of  oxygen  upon 
boiling  trichloride,  and  that  of  the  sulphochloride  by  the  action 
of  sulphur  on  the  trichloride  at  180°.  Further,  it  is  analogous 
to  the  reaction  which  gives  rise  to  the  formation  of  phosphorus 
perchloride  by  the  action  of  chlorine  upon  the  trichloride. 
The  most  natural  thought  that  suggests  itself  is  that  all  these 
bodies  have  a  constitution  similar  to  that  of  phosphorus  per- 
chloride, and  that,  in  the  above  reactions,  phosphorus  passes 
from  the  triad  to  the  pentad  condition.  Those  who  hold  the 
view  that  the  valence  of  an  element  is  invariable  are  inclined 
to  consider  phosphorus  oxychloride  as  having  a  structure  essen- 
tially different  from  that  of  the  perchloride,  and  they  write 
its  formula  thus: 
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CI 
f*-0-CL 

According  to  this,  phosphorus  is  trivalent  in  the  oxyehlonde, 
the  same  as  in  the  trichloride.  The  grounds  for  this  assump- 
tion are  as  follows : 

1.  The  oxyehlonde  can  be  converted  into  the  form  of  vapor 
without  undergoing  decomposition,  which  shows  that  it  cannot 
belong  to  the  class  of  compounds  known  as  molecular  compounds, 
inasmuch  as  these  latter  are  decomposed  into  simpler  molecules 
by  the  action  of  heat  But,  if  it  is  not  a  molecular  compound 
its  structure  must  be  similar  to  that  of  phosphorus  trichloride, 
which  is  the  type  of  the  atomic  compounds  of  phosphorus. 

2.  Thorpe*  has  i*ecently  shown  that  the  specific  volume  of 
oxygen  in  phosphorus  oxychloride  is  7*89  and  that  of  sulphur 
in  the  thiocnloride  22*66.  These  values  agree  closely  with  those 
formerly  found  by  Kopp  for  oxygen  and  sulphur  which  are 
united  with  another  element  with  only  one  affinity  each. 
From  this  the  conclusion  is  drawn  that  in  phosphorus  oxychlo- 
ride and  thiosulphide,  the  oxygen  and  sulphur  are  united  to 
phosphorus  by  only  one  affinity  each,  and  hence  that  the  struc- 
tures of  these  bodies  are  represented  by  the  formulas : 

CI  CI 

P-O-Cl  and  P-S^L 

I  I 

CI  CI 

It  may  be  remarked  in  regard  to  the  former  of  these  grounds 
that  Wiirtzf  has  shown  that  phosphorus  perchloride  itself,  the 
most  decided  representative  of  molecular  compounds,  may,  un- 
der proper  conditions,  be  converted  into  the  form  of  vapor  with- 
out undergoing  decomposition,  and  hence  there  is  no  good  reason 
for  assuming  tnat  the  perchloride  diflFers  from  oixiinary  chemical 
compounds  in  any  essential  particular.  K,  however,  the  perchlo- 
ride is  a  true  chemical  compound,  an  atomic  in  contradistinction 
from  a  molecular  compound,  then  phosphorus  is  in  it  quinquiva- 
lent, while  it  is  certainly  trivalent  in  the  trichlorida  if,  further, 
we  once  grant  that  phosphorus  can  and  does  act  as  a  quinquiva- 
lent element,  we  would  naturally  supp<')se  it  to  act  so  in  the 
oxychloride,  and  hence  to  the  latter  would  be  given  the  formula, 

0 


-P-Cl. 


CI 

I 
CI 

*  Berliner  Beriohte,  viii,  326.       f  Oomptes  Rendus,  Izzri,  601. 
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This  formula  is  more  in  accordance  with  known  facts  than 
the  former  one.  We  can  much  more  readily  understand  how  a 
compound  of  this  formula  may  be  produced  bv  the  action  of 
water  on  phosphorus  percbloride,  than  we  could  understand  its 
formation  if  its  formula  were 

CI 


dl 


-0-Cl. 


Thus  we  have : 


CI  .^1  01 


/CI 


I 


Cl-k  p,  +  H«0  =  01-P=0+2HC1. 

CI  CI 

Here  the  oxygen  atom  from  the  water  simply  takes  the  place 
of  two  chlorine  atoms  without  any  further  disturbance  oi  the 

CI 

molecule.     But,  if  the  formula    P-O-Cl     is  correct,    then  it 

is  plain  tbat  the  reaction  with  water  is  much  more  complicated. 

feo  too  the  formation  of  the  oxychloride  from  the  tnchloride 
by  the  action  of  ozone  is  much  more  comprehensible,  on  the 
assumption  tbat  the  reaction  consists  simply  in  the  taking  up  of 
an  atom  of  oxygen,  without  any  accompanying  displacement 
and  subsequent  binding  of  chlorine. 

In  regard  to  the  experiments  of  Thorpe,  it  may  be  said  that, 
if  Kopps  principle  is  correct,  i.  e,,  if  the  specific  volume  of  an 
atom  is  determined  by  the  manner  in  which  it  is  held  in  com- 
bination, and,  if  Thorpe's  numbers  are  correct,  then  there  can 
be  no  doubt  that  the  conclusion  drawn  by  him  is  also  correct. 
While  there  is  no  reason  for  doubting  the  correctness  of  the 
numbers  obtained  by  Thorpe,  we  may  perhaps  be  justified  in 
not  accepting  Kopp  s  principle  as  so  firmly  established,  that  we 
can  employ  it  as  a  means  of  proving  the  correctness  or  incor- 
rectness of  formulas  which  seem  to  be  well  established  by  other 
means. 

March,  18*76. 


Art.  XLV. — On  additional  species  of  Fossils  from  the  Primor 
dial  of  Troy  and  Lansingburgh,  Rensselaer  County,  N,  Y,  ;   by 
S.  W.  Ford. 

In  a  paper  communicated  to  this  Journal  about  a  year  ago 
(March,  1875)  I  gave  a  short  account  of  the  Primordial  rocks  in 
the  neighborhood  of  Lansingburgh,  N.  Y.,  and  of  the  finding 
of  several  species  of  fossils  m  a  deposit  of  conglomerate  lime- 
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stone  occurring  thera  I  had  hoped  to  be  able  to  devote  a  good 
djeal  of  time  to  the  further  study  of  this  field  during  the  past 
season,  but  other  matters  prevented,  and  while  I  have  msAe  a 
number  of  additional  observations  upon  the  structure  of  the  re- 
gion, I  am  not,  as  yet,  prepared  to  place  them  upon  record. 

From  the  conglomerate-limestone*  I  have,  however,  made 
collections  on  several  different  occasions  and  with  very  gratify- 
ing results.  The  following  is  a  list  of  the  species  known  to  me 
from  this  deposit  at  the  present  time,  all  oi  which  have  been 
obtained  from  the  rock  in  place:  (1)  OleneUus  asaphoideSj  {2)Qh 
nocephalUes  tt-ilineatiis,  (8)  Microdiscus  speciosus,  (4)  Hyolithes 
AmericamiSy  (6)  H.  impar^  (6)  HyolitheUus  micans^^  (7)  Stenoikeca 
rugoaa,  (8)  OboleUa  desquamata,  (9)  0.  niiida.  Of  these  2,  4 
and  9  were  known  from  this  deposit  at  the  time  of  publication 
of  my  former  paper.  All  of  these  species  occur  likewise  in  the 
Lower  Potsdam  limestones  at  Troy.  This  gives  nine  species 
in  common  to  the  two  localities  and  is,  I  believe,  conclusive  as 
to  the  age  of  the  conglomerate  in  question.  I  have  no  doubt 
but  that,  when  further  studied,  this  rock  will  furnish  yet  other 
species  of  the  Troy  series. 

Fossils  from  the  Primordial  at  Troy. — For  a  long  time  my  ex- 
aminations of  the  slates  at  Trov  for  fossils  were  unrewarded, 
notwithstanding  I  gave  a  good  <3eal  of  attention  to  the  subject 
But  on  one  occasion  last  summer  I  succeeded  in  finding  several 
slabs  containing  undoubted  plant  remains.  There  appear  to  be 
two  or  three  species.  Of  these,  however,  but  one  is  represented 
in  the  collection  by  specimens  suflSciently  well  preserved  to  ad- 
mit of  anj^tliing  like  a  satisfactory  determination.  This  is  of 
the  genus  Palceophycus^  and  is,  according  to  Mr.  Billings,  to 
whom  I  have  lately  submitted  my  specimens  for  comparison, 
perfectly  identical  with  his  Pakeophycus  incipiens  (Pal.  Fos.,  vol. 
1,  p.  2),  from  rocks  of  the  same  age  in  Vermont  and  on  the 
north  shore  of  the  Straits  of  Belle  Isle  in  Labrador.  The  prin- 
cipal specimen  in  my  collection  is  six  inches  long,  nearly  straight, 
OI  unitbrm  width  and  without  any  evidences  of  branching.  On 
the  same  slab  there  are  several  shorter  fragments.     This  adds  a 

*  This  rock  is  of  other  than  paleoDtolog^cal  interest  I  have  recently  ascertained 
that  good  tjrpical  specimens  of  it  are  susceptible  of  a  fine  polish.  The  limestone 
fragments  of  which  it  is  principally  composed  are,  for  the  most  part,  of  a  dark 
blue  color,  compact  and  of  a  flint-like  fracture,  and,  in  polished  sections,  contrast 
finely  with  the  yellowish  calcareo-arenaceous  matrix  in  which  they  seem  almost  to 
float.  Along  with  these  are  lighter  colored,  less  coherent  fragments  in  which  the 
fossils  mostly  occur.  It  has  been  quarried  to  a  considerable  extent  for  building 
purposes,  and  appears  to  be  a  good  durable  stone.  There  is  a  bridge  on  the  Troy 
and  Boston  R.  R.  in  the  village  of  Lansingburgh  composed  of  it 

f  Mr.  0.  F.  McMurray  of  Lansingburgh,  and  a  graduate  of  Yale  College,  who  ac- 
companied me  on  one  of  my  excursions,  has  recently  presented  me  with  a  specimen 
of  an  unusually  large  individual  of  this  species,  collected  by  kim  subsequently  on 
the  occasion  of  an  independent  visit  made  to  the  locality. 
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Bw  class  of  fossils  to  the  Troy  fauna,  and  gives  us,  moreover, 
lother  example  of  a  fossil  species  having  an  extensive  geo- 
raphical  range. 

It  occurs  in  the  coarse  red-and-yellow-weathering  slates  of 
le  Lower  Potsdam  group  at  Troy. 

During  the  past  season  I  paid  a  large  number  of  visits  to  the 
rst  band  of  limestone  met  with  in  going  eastward  from  Troy, 
ad  which,  in  a  former  paper,  I  have  characterized  as  limestone 
and  No.  1.  (This  Journal,  Aug.,  1878  )  As  the  result  of  this  I 
icceeded  in  obtaining  several  species  of  fossils  not  previously 
nown  from  this  band,  although  known  to  occur  in  the  other 
mestone  beds  of  the  Troy  Primordial,  and  along  with  these  a 
ngle  head  of  a  new  and  very  prettv  Trilobite  of  the  genus  Mi' 
vdiscus.  This  I  shall  describe  for  the  present  as  follows :  Head, 
roadly  rounded  in  front,  nearly  semi-oval  in  outline,  greatest 
idth  at  about  the  mid-length,  slightlv  narrowed  in  passing 
ackward  from  this  point  to  the  angles.  Glabella  conical, 
bout  two-thirds  the  length  of  the  head,  with  two  straight, 
loderately  deep  furrows  extending  all  across,  dividing  the  gla- 
ella  in  aavance  of  the  neck-furrow,  into  three  parts  of  nearly 
C[ual  length.  Neck-furrow  extending  all  across  and  deeper 
aan  the  other  glabellar  furrows.  The  form  of  the  neck  seg- 
lent  cannot  be  clearly  made  out  owing  to  the  damaged  condi- 
on  of  the  specimen  at  this  point  Dorsal  furrows  narrow,  not 
eep,  dying  out  toward  the  front  of  the  glabella.  Cheeks  promi- 
ent,  much  swollen  in  the  posterior  third,  without  eyes  or 
itures.  Marginal  rim  well  defined  all  around,  widest  in  front, 
dth  a  conspicuously  raised  edge,  inside  of  which  there  is  a 
early  flat  or  feebly  concave  space,  and  so  bent  upward  in  front 
9  to  give  to  the  head  on  a  side  view  a  kind  of  slipper-like 
ppearance  On  either  side  of  the  head,  just  inside  of  tne  raised 
larginal  edge,  there  are  three  small  tubercles  situated  within 
le  limits  formed  by  a  line  drawn  across  the  head  through  the 
liddle  of  the  cheeks  and  another  drawn  parallel  with  it  just  in 
dvance  of  the  front  of  the  glabella. 

Greatest  width  of  the  head  IJ  lines ;  length  along  the  median 
ne,  including  the  neck-segment,  the  same.  DiflFers  from  Micro- 
isciis  {Agnosius)  lobatus  Hall  (Pal.  N.  Y.,  vol.  i,  p.  258,  pi.  Ixvii, 
gs.  5  a-f),  from  the  same  locality,  in  its  shorter  and  transversely 
irrowed  glabella,  its  tuberculated  margin,  and  in  its  general 
roportions. 

For  this  species  I  propose  the  name  Microdisctis  Meeki^  in 
onor  of  Mr.  F.  B.  Meek,  whose  labors  in  the  cause  of  science 
ave  so  vastly  contributed  to  advance  our  knowledge  of  Amer- 
;an  Paleontology. 

Occurs  in  conglomerate  limestone  of  the  Lower  Potsdam 
roup  at  Troy. 

Troy,  N.  T.,  Jan.  16, 1876. 


872        jK.  Spice — Method  qftunitig  two  Forks  to  unison. 


Art.  XL VI. — On  a  simple  and  very  accurate  method  of  tuning 
two  Forks  to  unison ;  by  BoBKBT  SPICB,  F.C.S. 

Though  the  optical  method  of  tuning,  of  Lissajous,  gives  good 
results,  I  find  that  two  forks  thus  tuned  to  unison,  may  oe  a 
fraction  of  a  vibration  out^  without  in  any  way  disturbing  the 
steadiness  of  the  figure. 

In  the  2d  edition  (English)  of  Tyndall's  *'  Sound,"  in  lecture 
VII,  the  author  says,  **  I  divide  this  jar  by  a  vertical  diaphragm, 
and  bring  one  of  the  forks  over  one  of  its  halves,  and  the  other 
fork  over  the  other.  The  two  semi-cylinders  of  air  produce 
beats  by  their  interference.  On  removing  the  diaphragm,  the 
beats  continue  as  loud  as  before,  one  half  of  the  same  column  of 
air  interfering  with  the  other." 

Dr.  Tyndall  does  not  however,  mention  the  fact,  that  precisely 
the  same  result  would  have  been  obtained  if  no  diaphragm  had 
been  employed,  yet  this  is  so.  When  two  unison  forks  are 
struck  on  the  knee,  (or  by  a  piece  of  lead  covered  with  leather,) 
and  then  held  together  over  their  proper  resonant  column,  the 
following  phenomena  will  be  observed. 

If  there  is  a  difiierence  between  their  rates,  of  several  vibra- 
tions, there  will  of  course  be  rapid  beats ;  if  the  forks  are  very 
nearly  in  tune,  the  beats  will  succeed  each  other  at  long  inter- 
vals ;  further,  when  they  are  almost  perfectly  in  tune,  there  will 
not  be  any  beats  properly  so  called,  but  after  the  sound  of  the 
forks  has  nearly  died  away,  it  will  rise  or  swell  out  again  very 
slightly^  proving  that  there  had  been  interferepce. 

Finally,  when  the  forks  are  absolutely  alike,  there  will  be  a 
gradual  decrease  of  sound,  down  to  silence,  without  any  rein- 
forcement at  any  time. 

I  find  that  to  carry  out  this  tuning  absolutelv,  both  forks  must 
be  at  the  same  temperature;  consequently,  after  using  a  file  on 
one  of  them,  I  place  both  forks  in  a  vessel  of  water  to  equalize 
their  temperatures,  wipe  them  dry,  and  test  them.  To  show  the 
accuracy  of  this  method  I  select  the  following  example : 

A  pair  of  Ut^  forks  (256  vibrations)  will  sound  over  a  column 
for  about  135  seconds ;  suppose  that  the  sound  decreases  up  to 
the  100th  second,  and  then  oegins  to  rise;  obviously  100  sec- 
onds is  the  time  of  half  a  beat,  or  200  seconds  the  beating  time; 
that  is  to  say,  it  will  have  been  demonstrated  that  one  of  the 
forks  gave  yi^  of  a  vibration  per  second  more  than  its  fellow. 

What  has  been  said  of  the  unison,  applies  to  other  intervals. 

I  have  recently  executed  by  this  metnod,  Ut^,  Utg,  Ut,  and 
Ut,  forks  for  the  physical  cabinet  of  Columbia  College, 

230  Bridge  Street,  Brooklyn,  Jan.,  1876. 
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Abt.  XLYIL — Silica  o/grcuaes  and  other  plants  carried  up  aa  Di- 
atoms or  otftcr  siliceous  arains^  and  not  in  solution  or  as  soluble 
silicates ;  by  Proi  P.  B.  WiLBON. 

Mt  attention  was  called,  some  time  since,  in  the  examination 
of  the  ash  of  plants  obtained  by  slow  incineration  in  a  platinum 
crucible,  to  the  fact  that  when  the  ash  is  treated  with  dilute 
acid,  and  evaporated  to  dryness  on  the  water  bath,  it  does  not 
{>a88  into  the  gelatinous  condition  prior  to  complete  decomposi- 
tion of  the  hydrated  mass,  as  is  the  case  with  the  silicates  soluble 
in  acid,  or  those  decomposed  with  sodium  and  potassium  carbo- 
nate&  If,  however,  the  ash,  prior  to  the  treatment  with  acid,  is 
subjected  to  a  high  temperature,  a  combination  of  silicic  acid 
with  the  alkalies,  the  alkaline  earths,  and  the  earths  takes  place, 
if  all  are  present ;  then  the  silica  separates  in  the  gelatinous 
form  and  presents  all  of  the  chemical  reactions  of  suicic  acid 
obtained  from  the  natural  silicates.  The  silica  obtained  from 
ash  by  either  of  the  processes  indicated,  on  close  examination, 
was  observed  to  be  entirely  free  from  any  combination,  show- 
ing that  it  had  been  assimilated  in  the  free  state. 

To  demonstrate  this  theory,  m^  friend  G.  L  Popplein,  Esq.,  of 
this  city,  suggested  the  application  of  infusorial  earth  ot  the 
Bichmond  formation — found  in  large  quantities  on  the  western 
shore  of  the  Chesapeake  bay — to  land  sown  in  wheat  I  have 
obtained  straw  from  wheat  so  grown,  and  have  found,  after  it 
has  been  treated  with  nitric  acid,  and  the  siliceous  remains 
placed  on  the  field  of  the  microscope,  that  it  consisted  wholly  of 
the  siliceous  shields  of  Diatomace»,  the  same  as  found  in  tde 
infusorial  earth,  excepting  that  the  larger  discs  in  their  perfect 
form  were  absent  {Aciinocyctus  Ehrenbergii  and  Actinoptychus 
undnkitus).  My  conclusions  are  that  they,  and  there  probably 
may  be  other  forms,  are  too  large  to  enter  the  root  capillaries. 
During  the  coming  summer  I  will  attempt  if  possible  to  make 
micrometer  measurements  of  both. 

The  discovery  of  Diatomacead  in  their  original  form  in  this 
wheat  straw  precludes  the  possibility  of  the  infusorial  earth  hav- 
ing undergone  any  chemical  change  in  the  soil,  either  by  forming 
chemical  combination  with  the  alkalies,  or  the  earths,  or  by  suf- 
fering physical  disintegration  from  any  catalytic  action  of  any 
salts  present  in  the  soil 

In  the  particles  of  silica  placed  upon  the  glass  slide,  when 
they  were  completely  separated  from  each  other,  the  outlines  of 
the  individual  aiatoms  were  sharply  and  distinctly  defined.  On 
the  other  hand,  when  the  physical  action  of  ebullition  with  ni- 
tric acid  was  not  sufficient  for  the  complete  separation  of  the 
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particles  of  the  epidermal  shield,  there  was  observed  a  marveloas 
interlacing  of  the  various  forms,  showing  that  they  were  con- 
vejed  by  the  sap  cells  directly  to  the  section  of  the  plant 
where  they  were  destined  to  complete  its  stnictiira  I  have 
examined  several  specimens  of  straw,  taken  at  random  in  the 
market;  the  silica  in  each  specimen  consisted  of  plates,  veij 
thin,  and  truncated  at  the  comers. 

The  result  of  these  investigations  shows  the  necessity  of  fine- 
ly divided  silica  in  the  soil,  so  minute  as  to  be  capable  of  pass- 
ing with  facility  through  the  sap  cells ;  secondly,  that  simple  or 
compound  silicates  are  useless  as  fertilizing  agents,  either  nat- 
ural, or  artificially  prepared.  We  have  no  valid  reason  for 
forming  any  theory  that  vegetation  can,  through  any  knowD 
chemical  law,  separate  the  elements  or  their  compounds  from 
combinations  so  positive  in  their  character. 

In  this  case  we  have  a  practical  result  capable  of  being  veri- 
fied at  any  stage  of  growth  of  a  plant,  produced  by  the  appli- 
cation of  silica  to  the  soil  in  the  form  of  certain  well  defined 
microscopic  organisms ;  for,  finding  these  in  the  ash  to  the  ex- 
clusion of  other  particles  of  silica,  they  seem  to  be  more  accept- 
able for  the  plant  structure.  Free  silica  is  hence  the  only 
condition  in  which  it  can  enter  the  plant 

I  look  upon  this  discovery  as  leading  agricultural  investiga- 
tions in  a  new  direction,  and  it  must  eventually  change  many  of 
the  viewi*  expressed  and  accepted  by  scientists. 

Every  precaution  was  used  in  having  all  the  material  thor- 
oughly cleansed,  with  a  view  both  for  accuracy  and  for  remov- 
ing suspicions  that  these  microscopic  forms  were  the  result  of 
dust  showers. 

Wiftflhington  Univeraitf,  Medical  department,  Baltimore,  Md.,  February,  1876. 


Art.  XL VIII. — The  Conghmeraie  Series  of  West  Virginia  ;  by 

William  M.  Fontaine. 

[Concluded  from  page  284.] 

Dr  Stevenson,  in  his  **  Notes  on  the  Geology  of  West  Vir- 
ginia," (read  before  the  Am.  Phil.  Soc.,  Feb.  5,  1875,)  speaks  as 
follows  of  the  "  Great  Conglomerate"  of  Randolph  county.  **  This 
rock  forms  the  crest  of  Rich  Mountain  for  nearly  sixteen  miles 
within  the  region  examined.  For  the  most  part  it  is  a  coarse 
sandstone,  loaded  with  pebbles  from  one  third  of  an  inch  to  two 
inches  in  diameter.  Along  the  Staunton  Pike  it  shows  some 
layers  of  slightly  micaceous  and  very  compact  sandstone  near 
the  bottom.  Here  it  is  greatly  increased  in  thickness ;  near  the 
northern  line  of  the  state  it  is  barely  360  feet  thick,  but  in  Ran- 
dolph county  it  is  not  less  than  600."  He  further  says,  ''  On  the 
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Staunton  Pike,  along  the  east  slope  of  the  mountain,  there  was 
seen  midway  in  the  conglomerate,  what  appeared  to  be  the  blos- 
som of  a  coal  bed.  As  I  had  observed  no  evidences  of  coal  in 
the  conglomerate  northward  from  this  locality,  this  exposure 
was  studied  with  some  care,  but  nothing  definite  could  be  ascer- 
tained. Six  miles  farther  south,  on  the  same  side  of  the  moun- 
tain, a  small  coal  bed  occupies  this  place  on  the  property  of  Mr. 
Bradley.  There  it  is  three  feet  tnick."  Dr.  Stevenson  also 
points  out  the  mistake  made  both  by  himself,  and  myself,  in  ad- 
mitting the  presence  of  coal  in  the  conglomerate  of  Mononga- 
hela  county. 

Dr.  Newberry  has  shown  that  the  Sharon  coals  of  Pennsyl- 
yania,  which  are  in  the  reports  of  the  first  survey  put  under  the 
conglomerate,  are  really  of  later  a^e.  There  remains  then  no 
case  where  coals  are  found  within  the  rock  in  its  extension  north- 
ward.* As  is  well  known,  the  conglomerate  in  Pennsylvania 
north  of  this  part  of  West  Virginia,  has  thinned  down  to  a  ho- 
mogeneous rock  of  100  feet  and  less.  We  must  then  look  for 
the  north  extremity  of  the  special  basin  in  which  the  expansion 
of  this  rock  took  place,  somewhere  in  Randolph  county.  In 
ferther  confirmation  of  this,  Dr.  Stevenson  mentions  the  curious 
fact  that  in  that  county  the  upper  Umbral  shales,  at  one  point, 
thin  out  entirely,  and  the  conglomerate  is  in  contact  with  the 
limestone. 

In  Ohio,  the  reports  of  that  State  show  that  the  conglomerate 
has  become  too  thin  to  form  a  continuous  stratum. 

Proceeding  southwest,  from  Ohio  into  Kentucky,  we  find  the 
conglomerate  series  forming  the  west  outcrop  of  the  east  Ken- 
tucky coal  field,  being  the  sub-conglomerate  coals  of  that  State. 
Mr.  Joseph  Lesley,  (Proc.  Am.  Phil.  Soc.,  No.  91,)  in  his  ac- 
count of  this  outcrop  belt,  shows  that  in  that  quarter  the  Umbral 
shales  are  entirely  wanting,  and  that  the  coals  under  the  con- 
glomerate lie  immediately  on  the  sub-carboniferous  limestona 
He  traces  this  outcrop  from  Carter  county  southwest  to  Clinton 
county,  on  the  south  border  of  the  State.  The  thickening  of 
the  series  in  that  direction  shows  plainly  that  his  line  of  investi- 
gation diverge<l  from  the  edge  of  the  basin  and  approached 
nearer  and  nearer  toward  the  central  portions.  He  states  that 
the  series  consists  of  two  members,  the  upper  one  a  conglomer- 
atic sandstone,  and  the  lower  one  a  coal-bearing  portion.  The 
upper  member  thins  in  proceeding  southwest,  while  the  lower 

^  If  Professor  Tyson's  section  of  the  Cumberland  basin  be  correct,  then  it  is  clear 
that  northeast  of  Randolph  Co.,  in  Maryland,  the  conglomerate  again  has  coal  in 
its  central  portion.  He  g^ves  on  Savage  River,  above  the  Umbral  shales,  and 
including  the  so-called  "Coal-Measure  Conglomerate,"  a  thickness  of  461  feet* 
In  this  space  he  places  three  coal  beds,  two  feet,  two  feet  six  inches,  and  two  feet 
thick.  The  entire  muss  is  begun  and  ended  with  massive  sandstones,  having  a 
similar  structure  to  the  New  River  field. 
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member  thickens  at  a  more  rapid  rate.  At  Grayson,  in  Garter 
county,  both  together  are  only  90  feet  thick,  and  the  lowest  coal 
is  a  mere  streak  formed  between  the  base  of  the  formation  and 
the  underlying  limestone.  Farther  south  west,  in  Morgan  county, 
the  upper  member  is  150  feet  thick,  and  the  lower  member  odI? 
eight  leet,  and  contains  a  twelve-inch  bed  of  coal.  In  Estell 
county,  the  upper  member  measures  200  feet  and  the  lower  fifty 
feet,  with  the  coal  bed  increased  to  twenty-seven  inches.  On 
the  southern  border  of  the  State,  the  lower  member  increa$<es  to 
225  feet,  and  contains  two  workable  and  three  other  thin  beds  of 
coaL  The  upper  member  does  not  now  exceed  eighty  feet  This 
upper  member  is  No.  21  of  the  Raleigh  section. 

rassing  into  Tennessee,  we  learn  from  SafPbrd  that  the  western 
outcrop  presents  the  same  essential  features  as  in  Kentucky. 
The  red  rocks  of  the  Umbral  are  wanting,  and  the  coal  system 
rests  on  the  sub-carboniferous  limestone^  But  in  Tennessee  the 
thickness  attained  on  the  south  border  of  Kentucky  does  not 
seem  to  be  maintained  in  the  counties  immediately  south  of  that 
point.  Here  also  along  the  west  outcrop  in  Fentress,  White, 
and  Franklin  counties,  the  series  is  double,  consisting  of  an 
upper  sandstone  and  a  lower  coal-bearing  portion.  Of  this  latter 
Safford  says,  *'  It  consists  of  shales  and  sandstones,  the  latter 
sometimes  absent,  and  ranges  from  a  few  feet  to  about  200." 
It  contains  two,  sometimes  three,  rarely  more,  seams  of  coaL 
These  are  often  too  thin  for  mining,  but  locally  swell  out  and 
form  valuable  deposits,  from  two  and  a  half  to  four  or  five  feet 
in  thickness." 

This  thinning  out  in  the  direction  immediately  south  of 
Clinton  county,  Kentucky,  seems  to  indicate  that  in  Tennessee 
the  west  end  of  the  basin  sweeps  around  more  to  the  south. 
Safford's  sections  show  that  these  rocks  increase  in  thickness 
from  west  to  east  with  an  increase  of  the  sandstones,  while  the 
coals  diminish  greatly  in  the  most  easterly  portions  of  the  field; 
for  while  the  west  outcrop  has  the  character  above  given,  we 
find  at  the  JBtna  mines,  a  point  farther  east,  a  thickness  of  563 
feet,  including  the  upper  conglomerate,  and  at  Lookout  Moun- 
tain, the  most  easterly  point  of  the  sections  given  in  the  south- 
em  part  of  the  field,  we  have  678  feet,  composed  mainly  of 
coarse  sandstone,  with  hardly  any  coal.  This  diminution  of 
coal  eastward  agrees  with  the  facts  given  by  Professor  J.  P. 
Lesley  for  Wise,  Eussel,  and  Tazewell  counties,  Virginia. 

One  of  the  most  striking  points  of  difference  between  the 
strata  shown  on  New  River,  West  Virginia,  and  the  west  out- 
crop, is  the  disappearance  in  the  latter  of  the  thick  deposits  of 
the  red  Umbral  shales  underlying  the  conglomerate  series  in 
West  Virginia.  This  is  explained  by  the  fact  that  these  sedi- 
ments are  derived  from  the  incoherent  red  shales,  so  abundant 
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in  the  upper  Devonian  of  the  All^hany  region  on  the  east 
border  of  the  basin.  In  this  upper  Devonian  we  find  abun- 
dant red  shales,  which  in  physical  character  cannot  be  distin- 
guished from  those  of  the  Umbral.  None  such  are  found  in 
the  Cincinnati  anticlinal  on  the  west  border.  It  would  also 
seem  from  what  has  been  given  above,  that  the  quarter  from 
which  the  greatest  part  of  the  sediment  came,  was  the  east, 
while  the  coals  grew  from  the  west. 

If  we  may  draw  any  conclusions  from  the  data  given  above, 
we  may  believe  that  the  coal-bearing  rocks  accompanying  the 
conglomerate  were  formed  in  a  comparatively  restricted  basin, 
which  commenced  in  the  northeast  corner  of  Alabama,  and 
extended  as  far  northeast  as  Randolph  County,  West  Virginia. 
Its  deepest  part  was  probably  along  a  northeast  line  which 
msses  east  of  the  Cumberland  Mountains,  and  crosses  New 
Kiver  near  the  center  of  Raleigh  County.  The  strata  occupy- 
ing the  interval  between  the  Devonian  and  the  lowest  of  the 
"Lower  Productive  Coals"  are  on  New  River  in  this  region  at 
least  4,200  feet  thick.  It  is  highly  probable  that  the  formation 
of  this  deep  narrow  trough  caused  that  intense  strain  in  the 
crust  of  the  earth  which  finally  resulted  in  the  production  of 
that  wonderful  system  of  faults  which  is  found  on  the  east 
border  of  the  coal-bearing  strata  described  above,  and  which 
seems  to  be  mainly  developed  along  this  border  near  the 
deepest  part  of  the  aepression. 

As  to  the  character  of  the  coal  found  on  New  River,  in  the 
series  in  question,  it  is  a  semi-bituminous  coal,  a  fair  example 
of  which  may  be  found  in  the  seam  mined  and  coked  at  Quin- 
nimont  An  analysis  of  this  seam  furnished  me  by  Mr.  Morris, 
shows  the  fol  owing :  Carbon  75'b9 ;  vol.  matter  18'19 ;  ash  4*98 ; 
water  -74.  The  coke  contains:  Carbon  98'85 ;  ash  6*15 ;  sulphur 
•28.  This  small  amount  of  bituminous  matter  is  noteworthy 
when  we  consider  the  undisturbed  condition  of  the  coal  beds. 
This  disturbance  is  no  greater  than  that  found  in  the  highly 
bituminous  coals  of  later  age  in  other  parts  of  the  State.  We 
must  explain  this  loss  of  volatile  matter  in  some  other  way 
than  bv  mechanical  action. 

Plants. — There  are  only  two  horizons  which  have  yielded  me 
plants.  These  are  the  Quinnimont  coal  seam,  or  coal  No.  9, 
and  coal  No.  5,  or  No.  14  of  the  Piney  River  section.  At  the 
locality  which  I  shall  give  as  horizon  of  coal  5,  Quinnimont,  this 
coal  bed  does  not  show,  owing  to  the  imperfect  exposure,  but 
the  shales  containing  the  plants  occur  at  the  horizon  of  coal  5. 

I  cannot  pretend  to  have  made  anything  like  an  exhaustive 
search  for  plants,  even  at  these  horizons.  I  made  my  explora- 
tions on  foot,  armed  onlv  with  a  small  hammer  and  satchel  as 
the  implements  for  procuring  and  transporting  specimens     On 
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the  Raleigh  road,  and  at  the  locality  at  Quinnimont,  all  my 
material  was  obtained  from  the  weathered  outcrop  of  the  plant- 
bearing  shales.  In  my  second  visit  to  the  locality  at  Sewell 
Station  I  was  in  hopes  of  making  large  additions  to  my  stock 
of  the  interesting  plants  found  there  on  a  former  occasion.  I 
was  led  to  entertain  this  hope  from  the  fact  that  in  my  previous 
visit  I  spent  only  an  hour  or  two  in  the  collection  of  the  plants. 
But  I  found  on  my  second  visit  that  the  impressions  were  re- 
stricted to  a  very  thin  layer  in  the  roof,  and  tnat  from  the  small 
amount  of  material  on  the  "Dump"  but  little  in  addition 
could  be  obtained.  The  opening  was  inaccessible,  being  filled 
with  water.  It  is  an  interesting  fact  regarding  most  of  the  plants 
found  here,  especially  the  MegalopteriSy  that  they  were  seen 
nowhere  else.  The  locality  on  the  Raleigh  road  of  the  Piney 
River  section,  is  a  very  promising  one,  affording  a  number  of 
good  specimens,  in  the  weathered  outcrop. 

The  following  are  the  plants  obtained  from  this  series ;  some 
of  them  were  procured  in  my  first  visit  and  were  noticed  in  my 
former  paper. 

1.  Sphenopteris  Hceninghaitst  Brongt  Quite  common  in  large 
and  beautiful  specimens  with  coal  No.  5,  Raleigh  County. 

2.  Calamiies  Rcemerif  Qopp.  Fragments  resembling  this 
calamite  more  closely  than  any  other,  were  found  with  coal 
No.  9,  at  Sewell  Station. 

3.  Lepidudendron  Selaginoides  Sternb.  Good  impressions  of 
the  bark  and  leafy  branches,  are  not  uncommon  with  coal  No. 
6,  Raleigh  County.  I  found  associated  with  this  plant  very 
small  leafy  branches  closely  resembling  the  figures  by  Lesque- 
reux,  of  Lycopodiies  Meekii,  They  are  no  doubt  small  branches 
of  S.  Selaginoides, 

4.  Sphenopteris  AdiantoidesJAxidA.din^^yiXX.  A  single  speci- 
men but  well  marked,  was  found  with  coal  5,  Raleigh  County. 

5.  Bomia  radiata.  Brongt.  Found  with  coal  9,  at  Sewell  Sta- 
tion, and  coal  5,  Raleigh  County. 

6.  Odoniapteris  gracilUma  Newb.  A  single  pinnule  was  found 
at  Sewell  Station  with  coal  9. 

7.  Neuroptet-is^  species  t  Of  this  plant  I  have  some  detached 
pinnules,  and  one  pinna  with  five  pinnules,  not  enough  for 
positive  determination.  It  was  obtained  at  Sewell  Station  from 
coal  No.  9.  The  following  features  are  shown  in  the  specimens 
obtained:  Fronds  bipinnate;  pinnules  placed  obliquely,  and 
remotely ;  attached  by  the  central  portion  of  the  base ;  sub- 
alternate,  2^  cm.  long,  8  mm.  wide,  margin  strongly  repand, 
oblong  lanceolate,  acute,  upper  portion  of  the  base  rounded 
obliquely,  lower  portion  forming  a  short  round  lobe,  midrib 
slender,  but  strongly  defined,  diminishing  in  size,  and  near  the 
end,  splitting  up  into  nervules,  rather  flexuous.     Side  nerves 
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closely  placed,  leaving  the  midrib  at  a  very  acute  angle, 
strongly  arched  so  as  to  meet  the  sides  at  a  right  angle  and 
forking  repeatedly. 

This  plant  so  far  as  can  be  gathered  from  the  imperfect  spe- 
cimens obtained,  is  of  the  same  type  with  the  Aleihopieris 
obscura  of  the  Pennsylvania  reports.  Fig.  18  of  these  reports 
would  give  a  good  representation  of  it  if  the  pinnules  were 
separate  to  the  base,  more  remote,  and  inserted  on  the  rachis 
as  above  described.  The  nervation  is  the  principal  point  of 
difference.  It  will  be  noted  that  this  plant  nas  many  features 
in  common  with  the  Mesozoic  aletliopterids, 

8.  Cordaitea  Robbii  Dawson?  This  plant  is  rather  rare  and 
occurs  at  Sewell  Station  with  coal  9,  and  at  Quinnimont  at  the 
horizon  of  coal  5. 

9.  Aleihopieris  Serliit  Brongt.  This  plant,  which  is  the  most 
abundant  one  in  coal   9   at  Sewell  otation,  differs  in  some 

Soints  from  A.  SerliL  The  pinnules  are  more  slender,  and  are 
ecurrent  by  their  lower  base  which  forms  a  narrow  wing, 
while  the  upper  portion  of  the  base  is  obliquely  cut  away  so  as 
to  cause  the  midrib  to  spring  from  the  upper  margin,  which  is 
barely  reached  by  the  decurrent  portion  of  the  pinnule  next 
above.  The  pinnules  are  usually  strongly  recurved.  In  these 
points  it  resembles  Dawson's  A.  discrepans  of  the  Devonian. 
It  may  be  a  new  species. 

10.  Calamites  cannoRforniis  Schloth.  This  is  not  rare  in  the 
slates  over  coal  No.  9,  at  Quinnimont. 

11.  Aleihopieris  grandifolia  Newb.  This  plant  which  is  com- 
mon at  the  horizon  of  coal  5  at  Quinnimont,  at  first  sight  of 
the  upper  entire  pinnules,  resembles  No.  9,  but  in  its  nervation, 
whicn  more  resembles  that  of  Neuropteris,  and  in  other  points, 
it  is  very  different,  I  have  placed  this  under  Aleihopieris  grandi- 
folia from  which  it  is  somewhat  different,  for  the  same  reason 
that  I  included  No.  9  under  A,  Serlii,  being  unwilling,  without 
more  abundant  materiiil,  to  place  these  plants  aparL  The  forms 
of  No.  11  seem  all  to  come  from  the  upper  part  of  the  frond, 
and  belong  to  the  broad  leaved  variety  of  A,  grandifolia^  if  they 
are  identical  with  it  They  represent  the  terminations  of 
fronds  or  compound  pinnae,  showing  in  their  lower  parts, 
pinnae  pinnately  cut  into  pinnules,  which  become  more  and 
more  united  toward  the  summit  of  the  frond  or  pinna;  chang- 
ing first  to  pinnules,  with  deeply  undulated  margins,  and 
finally  passing  into  pinnules  with  entire  borders*  These  closely 
resemble  the  broad  leaved  variety  of  A.  grandifolia^  but  are 
relatively  narrower,  and  less  united  at  the  basa  in  their  mode 
of  insertion,  they  resemble  to  a  certain  extent  No.  9,  being 
somewhat  cut  away  above  and  decurrent  below.  In  No.  9  the 
nervation  is  that  of  A.  Serlii,  while  in  the  plant  in  question  it 
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resembles  somewhat  that  of  a  Newropteris  in  the  &ct  that  the 
side  nerves  spring  obliquely  from  the  midrib,  fork  two  or 
three  times  and  curve  strongly  to  meet  the  margins.  The  ner- 
vation is  like  that  of  No.  7,  but  in  the  insertion  of  the  pin- 
nules by  the  entire  base,  in  their  decurrence,  and  other  points, 
this  is  a  true  Aletkopteris, 

12.  Neuroptens  Lindleyana  Stemb.  Var.  This  beautiful  Nea- 
ropteris  is  common  at  Sewell  Station,  where  it  forms  the  only 
plant  found  at  the  horizon  of  coal  5.  It  also  occurs  with 
this  coal,  in  the  Piney  River  section,  on  the  Baleigh  road. 
While  in  the  main  point  it  clearly  resembles  N.  Lindleyana, 
figured  in  the  Fossil  Flora  of  Great  Britain,  as  A^.  Loschi,  there 
are  some  points  of  differenca  Our  plant  has  not  the  same  degree 
of  sharpness  in  the  terminations  of  the  upper  simple  pinnae,  and 
these  are  not  so  much  narrowed  at  the  base.  Again  the 
rounded  pinnules  of  the  lower  compound  pinnae  have  a  much 
more  slender  midrib  than  that  indicated  in  the  figure  of  the 
British  plant  They  are  also  more  closely  placed.  In  the 
greater  bluntness  of  the  upper  simple  pinnae,  and  in  their  nearer 
approach  to  a  heart-shapea  base,  this  plant  approaches  nearer  to 
N.  Loschi,  but  it  is  very  diflPerent,  and  may  perhaps  be  best 
considered  as  a  variety  of  N.  Lindleyana. 

13.  Neuropteris  tenuifolia  SchlotL  Found  with  coal  6  on  the 
Raleigh  road,  apparently  rare. 

14.  Sphmopteris,  species  f  This  plant  was  found  with  coal  5 
on  the  Raleigh  road.  The  fragments  found  do  not  enable  me  to 
determine  it  satisfactorily.  It  belongs  to  the  Schimpt-rs  sec- 
tion, Sphenoptfris  cheilanthides.  It  is  in  some  respects  like  ^S 
Lubmssowsj  but  differs  in  others.  The  following  features  are 
shown  in  the  fragments  obtained:  Pinnas  oval  lanceolate, 
placed  alternately  at  right  angles  on  the  rachis.  Pinnules 
obliquely  and  alternately  placed  on  the  secondary  rachis  which 
at  the  base  is  narrowly  winged  and  from  which  they  diverge; 
oblong,  narrowing  considerably  to  the  summit,  and  slightly  so  at 
the  insertion  of  the  base,  where  they  are  decurrent  The  pinnules 
diminish  rapidly  in  size  from  the  base  to  the  apex  of  the  pinnse. 
At  the  base  they  are  one  cm.  long  and  four  mm.  wide.  The 
pinnules  of  the  base  of  the  pinnae  are  cut  obliquely  into  three 
oval  tooth-shaped  lobes  on  a  side,  which  are  remotely  placed, 
and  diverge  slightly  from  the  midrib.  In  ascending,  the  num- 
ber of  the  lobes  and  the  depth  of  their  incision  diminishes 
until  the  pinnules  become  entire,  when  they  are  very  small 
and  mere  lobes  of  the  wing  of  the  rachis,  which  at  the  extrem- 
ity of  the  pinnae  is  much  widened.  The  plant  seems  to  have 
leaflets  of  leather-like  consistency;  the  nervation  is  obscure 

15.  Sphenopteris^  species  f  This  plant,  which  is  not  uncommon 
with  coal  5  on  the  Raleigh  road,  has  a  strong  resemblance  to 
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Sphenopieris  Netoberryij  but  shows  some  features  not  seen  in  the 
figure  of  that  plant  given  in  the  Pennsylvania  reports.  From  a 
study  of  the  isolated  fragments,  in  which  form  alone  I  could 

St  it,  the  plant  shows  the  following  features :  The  pinnules  of 
e  lower  pinnae  have  the  form  of  those  similarlv  placed  in 
&  Newberrtfiy  but  are  proportionally  narrower  at  the  base,  dis- 
tinctly separate,  and  more  obliquely  placed.  In  ascending,  the 
pinnules  of  the  upper  pinnae  are  finally  reduced  to  circular  seg* 
ments  of  the  lamiusD  or  the  pinnae,  and  now  if  seen  apart  would 
be  taken  to  belong  to  a  different  plant  These  upper  pinnae  are 
placed  obliquely  and  alternately.  They  are  ovate  lanceolate, 
12  mm.  long  and  6  broad  at  liase ;  having  the  general  shape 
and  mode  of  incision  shown  in  «S1  deeipt'ena  of  the  Pennsylvania 
reports.  But  unlike  that,  the  termination  of  the  pinnae  is  pro- 
longed into  an  acute  point  Proceeding  still  higher  on  the 
frond,  these  pinnae  are  reduced  to  semicircular  lobes  of  the 
broad  wing  of  the  rachis  which  now  forms  the  entire  lamina  of 
the  upper  part  of  the  frond  or  compound  pinna.  The  nerves 
are  to  a  great  extent  masked  by  the  thick  leathery  character  of 
the  leaflets,  but,  so  &r  as  mode  out,  are  as  follows :  In  the  lower 
distinct  pinnules  there  is  a  strong  midrib  which  disappears 
before  reaching  the  extremity  of  the  pinnule,  and  gives  it  at 
first  si^ht  the  appearance  of  a  Pecopieris.  The  side  nerves  spring 
very  obliquely  from  the  midrib,  diverge  very  slowly  from  it, 
curving  gently  out  to  the  margin,  and  fork  once  or  twice,  being 
quite  distant  rrom  each  other.  In  the  rounded  lobes  of  the  up- 
per pinnae,  the  nerves  rise  from  the  whole  base  of  the  lobe  curv- 
ing gently  outward,  and  downward,  while  forking  as  before. 
Here  the  nervation  resembles  that  of  ti  dilatata  as  figured  in 
the  Fossil  Flora  of  Great  Britain.  The  same  nervation  marks 
the  extremity  of  the  frond.  The  most  characteristic  feature  is  the 
rarity  of  the  nerves,  and  if  the  plant  should  prove  to  be  new, 
would  justify  the  specific  name  variuervis, 

16.  Hymenaphylliies  sphiosus  Gopp.  ?  Fragments  were  found 
on  the  Raleigh  road  with  coal  5,  of  a  plant  showing  the 
basal  portion  of  several  pinnae,  which  seem  to  be  identical  with 
the  above  named  plant  Not  enough  material  was  obtanied  to 
identify  it  with  certainty. 

17.  Sphenopieris  mact/enta  Lindl.  and  Hutt  This  plant  seems 
to  be  abundant  on  the  Raleigh  road,  associated  with  coal  6. 
Good  specimens  were  obtained. 

18.  Equisetites,  species?  A  single  sheath,  resembling  that  of 
an  equisetites,  was  found  on  the  Raleigh  road  with  coal  5. 

19.  Asterophyllites  acicularis  Daws.  ?  A  specimen  showing 
several  whorls  of  leaves  having  the  character  of  the  above  named 
plant,  was  obtained  from  coal  5  on  the  Raleigh  road.  Not 
enough  is  shown  for  positive  identification. 
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20.  TVigonocarpon  triloculare  Hildreth.  A  single  nut  was 
found  at  Sewell  Station  with  coal  9.  A  nut  of  a  differeDt 
character  from  any  figured  or  described  to  my  knowledge,  was 
found  at  the  horizon  of  coal  6  at  Quinnimont  It  is  perfectly 
smooth  with  no  markings,  is  about  12  mm.  long  ana  5  mm. 
wide,  cylindrical  in  shape,  and  bluntly  roundra  at  the  ends, 
one  of  which  is  funiishea  with  curved  stem-like  appendages,  as 
if  for  attachment  Nuts  are  quite  rare,  only  these  two  being 
found. 

21.  Afegalopteris  Hartii  Andr.  In  my  last  visit  to  the  plant 
locality  at  Sewell  Station,  which  furnished  me  on  my  former 
visit  the  specimens  of  Megalopierie,  and  which  is  coal  in  9,  I  pro- 
cured a  few  additional  specimens  of  this  plant,  among  which, 
by  comparison  with  the  plates  which  Professor  Andrews  has 
had  the  kindness  to  send  me,  I  recognized  his  At  Hartii,  Of 
this  plant  I  have  one  specimen  having  the  ends  of  the  two 
leaves  at  the  summit  of  the  frond,  showing  about  six 
inches  of  their  length.  Another  specimen  shows  the  termina- 
tion of  a  much  smaller  frond,  with  three  leaves.  Along  with 
these  leaves  I  find  several  of  a  small  Megahpteris  which  may 
prove  a  difierent  species  although  the  nervation,  so  far  as  it  can 
be  made  out  in  the  obscure  state  of  all  the  plants  found  here, 
seems  to  be  very  near  that  of  M.  Hartii.  Of  the  small  plant,  no 
more  than  two  leaves  together  have  ever  been  found,  and  no 
specimen  shows  the  point  of  junction  of  these.  The  small  size 
seems  to  be  a  constant  feature.  Such  leaves  are  about  6  cm. 
long  and  1  cm.  wide;  they  are  narrowly  elliptical  in  shape, 
with  a  rather  more  acute  termination  than  that  of  J/.  Hartii, 
The  midrib  seems  to  have  been  large  for  a  leaf  of  this  size,  and 
very  prominent     It  leaves  a  deep  rectangular  impression. 

22.  Megahpteris^  species  t  This  plant  is  the  most  common  form 
found  at  Sewell  Station.  It  diflFers  from  all  the  forms  of  Pro- 
fessor Andrews'  plants  figured  in  the  decided  acuteness  of  the 
leaves  or  pinnules ;  in  which  respect  it  is  more  like  AL  Daivsoni. 
From  this  latter  plant  it  differs  m  the  more  decided  elliptical 
outline  of  the  leaves,  the  more  rapid  narrowing  of  the  leaves 
toward  their  extremities,  and  most  of  all,  in  the  nervation,  which 
so  far  as  can  be  made  out,  is  near  that  of  i/.  Hartii,  being  fine, 
from  closely  placed  slender  nerves,  which  fork  near  the  base  and 
again  near  their  middle;  apparently,  higher  up,  than  in  A/.  Har- 
tii. The  nerves  are  nearly  parallel  in  their  course  ;  and  curve 
very  slowly  outward  to  meet  the  border  of  the  lea£  I  have 
one  specimen  which  shows  one  entire  leaflet,  and  the  base  of 
another,  which  diverges  from  the  rachis  at  the  base  of  the  first, 
showing  the  ordinary  alternate  arrangement  on  a  winged  rachis, 
of  the  leaflets  in  plants  of  this  genus.  The  entire  leaflet  of  the 
specimen,  is  14  cm.  long,  and  2^  to  8  cm.  wide.     It  is  strongly 


W.  M,  Fontaine — Qmglomeraie  Series  of  Weet  Virginia.  88S 

narrowed  toward  the  base,  giving  it  an  oblanceolate  shape. 
Near  the  extremity,  it  is  rapidly  narrowed  to  an  acute  point. 
It  is  most  probably  a  new  species,  and  if  so,  might  receive  the 
specific  name  Sewellensis. 

28.  Sphenopteris  obtusiloba  Brongt  Found  rarely  at  Sewell 
Station,  with  coal  No.  9. 

24.  Palceapiens  Jacksoni  Schimp.  Cyclopteris  JacJcsoni  Daws. 
Only  one  or  two  small  fragments  of  this  plant,  were  found  at 
Sewell  Station  with  coal  9. 

25.  S^henophyUum  antiquum  Daws.  A  small  fragment  only 
was  found  at  Sewell  Station  with  coal  9. 

26.  Odontopteris  Neuropteroides  Newb.  Good  specimens  of 
this  plant  were  obtained  from  the  horizon  of  coal  No  6  at 
Quinnimont,  where  with  the  variety  of  Alethopteris  grandifolia^ 
it  forms  the  most  abundant  plant  Some  pinnules  show  an 
obscure  lobing  not  unlike  some  of  the  pinnules  of  ISplienopierie 
Lesquereuxii.  Some  scattered  broad  pinnules,  with  undulating 
borders,  were  found  here  which,  from  their  appearance,  would 
seem  to  have  belonged  to  some  part  of  this  plant 

27.  Calamites  approximatue  Schloth.  Found  at  Sewell  Sta- 
tion, with  coal  No.  9. 

The  plants  above  named,  with  the  exception  of  the  few  got 
from  Sewell  Station  previously,  and  mentioned  in  my  former 
paper,  were  all  obtained  in  my  last  visit  to  the  New  River  re- 
gion. As  I  stated  before,  this  list  can  by  no  means  be  taken 
as  exhaustive  of  the  plants,  even  at  the  locality  where  they  were 
gathered.  In  no  case  could  1  spend  more  than  a  couple  of  hours 
m  collecting,  and,  having  no  tools,  my  collection  was  made  by 
picking  up  fragments  fallen  from  the  disintegrated  outcrop. 
This  was  the  case  with  the  coal  on  the  Raleigh  road,  which  fur- 
nished so  many  of  the  above  specimens. 

The  following  fossils  were  ootained  from  near  the  top  of  No. 
1  of  the  transition  beds  at  Quinnimont  and  consequently  just 
from  the  base  of  the  conglomerate  series.  They  were  kindly 
determined  for  me  by  Dr.  J.  J.  Stevenson.  He  states  that  in 
most  cases  they  were  too  badly  preserved  for  specific  determi- 
nation. 

Invertebrate  fosaile  from  the  base  of  the   Conglomerate  Series  at 

Quln7umo?it, 

1.  Productus  cora  D'Orb.  6.  Myalina. 

2.  Athyris  sp.  7.   Macrodon, 

3.  Spirifera  Leidyl  N.  &  P.  8.   Lithophaga, 

4.  Avicuhp^cten.  9.    Choenoinyaf 

5.  Lima,  10.   Fenestella, 

Of  these  Dr.  Stevenson  states  that  the  Macrodon  is  a  new  spe- 
cies, which  also  occurs  commonly  in  the  middle  portion  of  the 
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Umbral  limestone  in  Monongalia  Co.,  W.  Ya.  He  thinks  that 
the  Alyalina  and  Chcenomya  are  new  species.  Also  that  the 
Lithophaga  is  so  near  that  referred  with  doabt  to  L.  lingualis  of 
Philhps,  by  M.  &  W.,  that  he  cannot  distinguish  it,  although 
this  is  a  species  of  the  St  Louis  group. 

I  may  state  here  that  the  Pal(wpteris  Jacksoni  of  the  Con- 
glomerate series,  is  the  typical  plant,  and  very  diflferent  from 
the  plant  found  at  Lewis  Tunnel,  and  given  in  my  previous  pa- 
per as  P,  Jacksont,  I  have  additional  specimens  from  Lewis 
Tunnel,  which  show  without  doubt  that,  as  Professor  Andrews 
has  suggested,  this  latter  is  a  new  species. 

It  will  be  seen  from  the  above,  that  the  representatives  of  the 
Devonian  flora  of  Canada  are  quite  common  in  the  Conglom- 
erate Seriea  The  uppermost  strata  of  the  Devonian  in  West 
Virginia  are  at  least  8500  feet  below  coal  5;  and  still  farther 
below  coal  9,  which  afibrds  the  plants  of  most  decided  Devcftii- 
an  type.  Besides,  the  forms  oi  Afegalopten's,  the  PaUnopteris, 
and  Sphenophyllum^  we  have  probably  AaterophyUites  acicularis, 
and  Cordaites  Robbii,  identical  with  the  Devonian  planta 
The  Cordaites  has  the  nervation  and  termination  of  the  leaves 
of  C  Robbii,  but  I  mark  it  doubtful,  as  I  have  no  entire  leaves. 
The  SphenopterU  adiantortdeSj  is  a  good  deal  like  the  plant  fig- 
ured as  Oyclopteris  obtusa,  by  Dawson  in  the  Acadian  Geology, 
although  smaller.  The  plant  marked  doubtfully  Akthopteris 
Serlu\  is  very  near  A,  di'screpans.  The  Sphenopleris  allied  to 
S.  Newberryi\  in  its  upper  pinnae  shows  the  mode  of  lobing, 
and  has  something  of  the  aspect  of  &  margmaia. 

It  will  be  noted  that  along  with  these  plants  we  have  some 
of  the  forms  found  in  coal  No.  1  of  Ohio.  The  upper  pinnae 
of  the  plant  identified  with  Sphenopteris  macilenta  1  cannot 
distinguisii  from  Dawson's  Cychpteris  valvia.  Besides  these, 
we  have  plants  first  found  in  Felling  Colliery,  England,  asso- 
ciated with  the  "Low  Main  coal  seam." 


Art.  XLIX. — Mineralogical  Hotes;  by  Edward  S.  Dana.    No. 
III. — On  new  twins  of  JStaurolite  and  Pyrrhotite. 

1.    On  Staurolite  Crystals  from  Fannin  Co.,  Georgia. 

Through  the  instrumentality  of  Prof  F.  H.  Bradley  a 
large  number  of  staurolite  crystals  have  been  recently  received 
in  New  Haven,  some  of  which  show  forms  which  are  new 
and  interesting.  Prof.  Bradley  mentions  two  distinct  localities, 
visited  by  him.  which  afford  the  staurolite  in  considerable 
quantities.  The  first  is  at  Valley  River,  near  Murphy,  Chero- 
kee Co.,  North  Carolina,     The  crystals  at  this  place  are  lai^e 
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aod  coarse.  They  occur  in  a  metamorphic  rock  which  Pro£ 
Bradley  states  belongs  to  the  Cincinnati  group. 

The  secood  locality  is  in  Faonin  Co.,  Georgia,  12  miles 
southeast  oY  Ducktown,  Tenn.  The  crystals  obtained  here  are 
of  quite  uniform  size,  averaging  an  inch  in  length,  and  are 
very  perfectly  developed,  the  faces  being  smooth,  though  usu- 
ally without  polish.  They  occur  in  a  soft  mica  schist,  Belong- 
ing geologicafly,  according  to  the  same  authority,  at  the  bjse 
of  the  Quebec  Group.  The  rock  is  extensively  decomposed 
so  that  the  crystals  are  found  abundantly  loose  on  the  surface 
of  the  ground.  Lai^e  quantities  of  them  may  thus  be  picked 
up,  of  which  perhaps  one-tenth  are  perfect  crystals.  They  are 
in  general  nearly  (ree  from  the  gangue. 

The  crystals  are  with  rare  exceptions  twins.  The  most 
common  twins  are  those  well  known  in  this  species ;  that  t*] 
(a),  those  having  the  composition  bee  \-i,  with  the  vertical  axes 
neaily  at  right  angles  to  each  other;  and  (i),  those  having 
the  composition -face  j-|,  with  the  vertical  axes  crossing  at  a 
angle  of  about  60°.  Under  these  two  types  there  is  a  very 
wide  diversity  of  form  arising  from  the  extension  or  partial 
suppression  of  various  of  the  occurring  planes.  A  very  com- 
mon feature  in  the  twins  of  the  first  kind  mentioned  is  the 
almost  entire  suppression  of  one  pair  of  the  macrodome  planes 
1-t,  opposite  eacD  other,  with  the  corresponding  extension  of  the 
other  pair ;  this  same  kind  of  hemihedral  development  is  also 
extenaed  to  the  prismatic  planes  giving  rise  to  forms  of  very 
oblique  appearance. 

Three  new  forms  are  shown  in  figures  1,  2  and  8.  Figure  1 
exhibits  n  new  method  of  twinning  not  before  observed  in  this 


species,  and  making  the  third  type  of  penetration  twins  pecu- 
liar to  staurolite.  The  measured  angle  of  the  two  brachypina- 
coids  (j-l)  for  the  crystals  in  their  twinning  position  is  70'  30'. 
This  gives  for  the  com  position -face  t'-a,  which  requires  for  the 
above  angle  70°  18'.  In  this  case  the  axis  of  revolution  very 
nearly  coincides  with  the  plane  I'-J  and  the  ''-i,  of  the  second 
individual  is  very  nearly  par.illel  to  the  prism  I  of  the  first 
Attention  has  been  called,  oy  Prof.  Dana,  to  the  fact  that  if  the 
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occurring  prism  on  staurolite  be  made  t-|,  the  twinning  planes 
will  be  then  planes  of  mmple  axial  ratios  in  accordance  with 
the  usual  law,  namely  1-i  (instead  of  j-t)  and  1  (inst^ad  of  }-|). 
The  new  method  of  twinning  here  described  would  then  have 
for  its  composition-face  i-2. 

It  has  already  bsen  mentioned  that  when  the  twinning 
plane  is  |  J  the  vertical  axes  cut  each  other  at  an  angle  of 
about  60°.  It  would  be  expected  from  this  fact  that  corupound 
crystals  of  three  individuals  would  be  found,  the  entire  circum- 
ference being  thus  divisible  by  six,  and  this  has  been  the  case. 
Figure  2  represents  one  of  a  considerable  number  of  crystals  of 
this  description  in  which  three  interpenetrating  individual 
crystals  cut  each  other  respectively  at  angles  of  60°  and  120°, 
•and,  being  symmetrically  developed,  form  thus  a  six-rayed  star. 
3tin  another  form  is  shown  in  figure  8 ;  it  is  interesting  as  being 
a  combination  of  two  methods  of  twinning  in  the  same  com- 
pound crystal  which  has  been  rarely  observed  in  any  species. 
The  vertical  axis  of  two  of  the  single  crystals  are  at  right  angles 
to  each  other,  and  that  of  the  third  cuts  each  of  the  other  two 
at  an  angle  of  60°.  This  latter  fact  explains  the  occurrence  of 
this  form. 

The  crystals  figured  were  from  the  cabinet  of  Professor 
Brush. 

2.  On  a  twin  of  Pyrrhottte. 

The  annexed  figure  (fig.  4)  represents  a  remarkable  crystal 
of  pyrrhotite,  which  I  have  been  eriabled  to  examine  through 
the  kindness  of  Dr.  Harrington  of  Montreal. 

The  crystal   itself  is  somewhat  more  than  three  times  the 
4  size  of  the  cut,  and  is  almost  as  sym- 

metrically formed.  The  pyramidal 
planes  (r)  are  uniformly  deeply  striated 
in  a  horizontal  direction,  parallel  to  the 
basal  section  ;  the  faces  are  thus  made 
quite  uneven.  Furthermore  these  same 
planes  show  a  considerable  number  of 
minute  longitudinal  depressions,  or  etch- 
ings, parallel  to  the  vertical  axis.  This  is  a  prominent  feature 
of  all  the  pyramidal  planes  alike,  thus  confirming  the  accepted 
hexagonal  nature  of  the  species.  The  transverse  crystal,  as 
seen  in  the  figure,  is  quite  irregular,  being  made  up  of  a 
group  or  bundle,  of  small  crystals  in  parallel  position  ;  this 
IS  especially  irue  of  one  of  the  extremities.  These  small  crys- 
tals are  some  of  them  free  from  the  striations  alluded  to  and 
allow  of  exact  measurement  The  angle  for  r/^r  (basal)  thus 
obtained  is  163^  ( O/^  r=  98°30') ;  this  corresponds  to  the  form  Y> 
which  requires  162°  40'  (0^i^<i=98°  20').     The  twinning  plane 
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the  pyramid  1,  by  which  the  yertical  axes  of  the  two  indi- 
yiduals  are  brought  nearly  at  right  angles  to  each  other,  since 
Oy^  1=186*'  8^  This  combination  of  tnree  indiyidual  crystals 
is  analogous  to  the  penetration-twins  of  staurolite,  described 
aboye. 

Dr.  Harrington  has  kindly  furnished  some  notes  upon  the 
occurrence  and  chemical  composition  of  this  pyrrhotite,  which 
he  allows  me  to  append  hera 

On  the  eompoaiiion  and  mode  of  occurrence  of  the  pyrrhoiite  from 
JSlizabethtown,  Ontario;  by  B.  J.  Habbikgton,  Ph.D. 

The  deposit  from  which  the  crystal  of  pyrrhotite  was  ob- 
tained is  economically  important  as  being  the  source  from 
which  considerable  quantities  of  pyrite  haye  been  deriyed  for 
the  manufacture  of  sulphuric  acid.  It  occurs  on  the  nine- 
teenth lot  of  the  second  concession  of  Elizabeth  town,  Ontario, 
in  rocks  belonging  to  the  Laurentian  system,  but  its  true  char- 
acter has  not  yet  been  ascertained.  To  the  mineralogist  it  is 
especially  interestinjg  on  account  of  the  association  of  minerals 
which  it  affords.  The  minerals  number  a  dozen,  and  proba- 
bly more,  species,  being  pyrite,  pyrrhotite,  magnetite,  quartz, 
talc,  labradorite  ?  phlo^pite?  a  compact  black  mineral  proba- 
bly allied  to  hisingente,  calcite,  siaerite,  apatite  and  cacox- 
enite. 

Of  these  the  pyrite  and  calcite  occtir  in  greatest  abundance. 
The  former  is  generally  massiye,  but  is  sometimes  well  crystal- 
lized— the  most  common  form  being  a  combination  of  the  cube 
and  octahedron.  Perfect  octahedrons  with  the  axes  more  than 
two  inches  in  length  have  been  obtained,  and  mammillary 
groupings  of  cubical  crystals  with  rounded  faces  occasionally 
occur.  According  to  the  determinations  of  Hunt  and  Macfar- 
lane  (Geol.  of  Can.,  1868,  p.  606,  and  Can.  Nat,  1st  Ser.,  yol. 
yii,  p.  194)  the  pyrite  contains  about  half  a  per  cent  of  oxide 
of  cobalt 

Calcite  forms  the  principal  gangue  in  which  the  other  mine- 
rals are  embedded.  It  is  mostly  massive,  but  is  also  found  on 
the  walls  of  cavities  in  the  form  of  obtuse  rhombohedral  crys- 
tals, often  curiously  modiBed.  It  ranges  from  opaque  to  trans- 
parent, and  varies  much  in  color,  being  white,  gray,  fawn- 
colored  and  sometimes  red.  The  compact  black  mineral 
alluded  to  above  also  frequently  forms  the  gangue  of  the  pyrites 
and  with  it  is  occasionally  associated  a  tricTinic  feldspar  ^>roba- 
bly  labradorite)  showing  a  beautiful  play  of  colors.  Magnetite 
is  rather  common  and  sometimes  occurs  in  the  form  of  small 
irregular  grains  scattered  through  the  calcite.  The  mineral 
which  I  take  to  be  cacoxenite — the  occurrence  of  which  in 
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Canada  has  not  before  been  noted— is  found  in  beautiful  little 
yellow  tufts  on  the  walls  of  cavities  in  the  calcite,  the  tufts  be- 
ing often  so  close  together  as  to  form  a  velvety  coating.  It  is 
generally  associated  with  pyrite. 

Quartz,  mica,  apatite,  talc  and  siderite  were  noticed,  but  they 
did  not  form  important  constituents  of  the  deposit  Pyrrhotite 
was  common  in  portions  of  the  deposit  worked  several  yean 
ago,  but  has  become  less  so  as  the  mining  has  advanced.  It  is 
sometimes  massive,  but  more  freauently  well  crystallized.  In 
general  it  is  embedded  in  calcite,  but  it  has  also  been  found  in 
steatite.     The  following  is  an  analysis  of  a  crystal : 

Iron, 60*560 

Copper, '145 

Manganese, "060 

Nickel, -112 

Cobalt, Ill 

Sulphur, 89-020 

Silica, -086 

100-044 

Hardness  between  Z\  and  4.  Specific  gravity  4-622.  Readily 
attracted  by  the  magnet  and  possessing  polarity ;  the  opposite 
poles  seem  to  be  situated  not  at  the  extremities  of  the  crystals 
but  along  the  sides. 

A  few  months  ago  a  crystal  of  the  pyrrhotite  was  sent  to 
Professor  J.  Lawrence  Smith,  who  was  anxious  to  compare  its 
composition  with  that  of  troilita  The  results  of  his  analysis 
sent  to  me  by  him  are  as  follows: 

Iron,    59*88 

Sulphur, 89-24 

Silica  (gangue  rock), 1*01 

10013 
Specific  gravity, 4*642 


Art.  L. — Researches  on  the  Solid  Carbon  Compounds  in  Meteor- 
ties  ;  by  J.  Lawrence  Smith,  Louisville,  Ky. 

In  the  study  of  Meteorites,  it  is  well  known  that,  of  all  the 
simple  and  compound  substances  met  with  in  these  bodies,  the 
carbon  has  received  the  least  study  and  investigation.  This  has 
arisen  principally  from  the  limited  amount  of  material  at  the 
command  of  the  chemist,— a  fact  to  be  regretted,  since  if  any 
one  element  more  than  another  demands  attention,  and  excites 
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wonder  at  the  part  it  plays,  either  as  an  element  or  in  its  end- 
less combinations  with  other  sabstances,  that  element  is  carbon. 

In  its  elementary  condition  we  see  it  in  crystals  of  exceeding 
hardness  and  brilliancy  in  the  diamond,  and  also  in  irregular, 
nearly  opaque  masses  that  are  not  to  be  confounded  with  the 
diamond.  Again,  we  have  carbon  in  a  soft,  black,  unctuous 
state,  either  in  lustrous  flaky  crystals,  or  in  fine-grained  masses. 
It  also  occurs  in  the  harsh  and  gritty  form  of  coke,  sometimes 
changed  to  an  unctuous  body  appmaching  graphite  in  aspect, 
yet  dmerent  physically  as  well  as  in  some  of  its  chemical  rela- 
tions. Deposits  of  anthracite  furnish  carbon  in  yet  another 
form.  Besides  these,  the  results  of  decomposition  of  what  are 
known  as  organic  compounds  ^ve  quite  a  list  of  different  forms 
of  carbon,  made  either  by  the  mcomplete  combustion  of  hydro- 
carbons, or  by  passing  through  red-hot  tubes  the  vapors  of  hy- 
drocarbons, chloride  of  carbon,  sulphide  of  carbon,  etc.,  or  by 
the  decompositions  of  such  substances  as  carbonic  acid,  carbides 
of  boron,  of  iron,  of  manganese,  etc. 

These  various  forms  of  carbon  have  certain  chemical  differ- 
ences, more  or  less  marked,  which  differences  have  attracted  the 
attention  of  chemists,  although  no  one  has  studied  them  with 
much  care  or  success  except  M.  Berthelot,  their  investigation 
being  difScult  on  account  of  the  want  of  proper  method&  M. 
Berthelot  obtained  his  results  bv  taking  advantage  of  the  sin- 
gularly slow  oxidizing  action  of  a  mixture  of  nitric  acid  and 
chlorate  of  potash  on  carbon,  first  pointed  out  by  M.  B.  C. 
Brodie,  in  I860,*  in  experiments  on  graphite,  by  which  he  pro- 
duced for  the  first  time  what  is  known  as  graphitic  oxide.  He 
operated  by  this  means  on  very  many  specimens  of  carbon, 
from  the  diamond  to  lamp-blacK,  embracing  a  laige  variety  of 
artificially  prepared  carbons,  and  discovered  certainly  six  or 
eight  more  or  less  distinct  chemical  characteristics  of  these  dif- 
ferent carbons.t  The  physical  differences  of  some  of  them  are 
well  known  ;  among  these  differences  none  is  more  remarkable 
than  that  of  their  specific  heats.  Other  bodies  known  as  elements, 
as  silicon  and  boron,  oxygen,  etc,  take  upon  themselves  different 
coDditions  called  allotropic  conditions,:]: — ^a  term  applied  to  the 
isomeric  conditions  of  simple  bodies ;  but  carbon  differs  from 
these,  not  only  in  exhibiting  a  most  wonderful  variety  of  allo- 
tropic conditions,  but  also  in  the  phenomena  coming  under  the 
head  of  isomerism,  polymerism,  and   metamerism ;  so  much 

*  Annalen  der  Chemie  und  Phann.,  April,  p.  6. 

f  The  full  detail  of  his  researches  is  to  be  found  in  the  Annales  de  Ohimie  et  de 
PhTsique,  IV,  zix,  392,  1870  and  zzx,  419,  1873. 

X  Notwithstanding  the  recent  experiments  of  M.  Weber,  showing  that  under 
certain  conditions,  carbon,  silicon,  and  boron  are  not  ezceptionB  to  the  law  of 
Dukmg  and  Petit,  they  still  occupy  a  singular  position  in  regard  to  spedfic  heal 

Am.  Jour.  Sol— Thibd  Sbbibs,  Yoi^  XI,  No.  6S.— Mat,  1870. 
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so,  that  we  are  disposed  to  take  this  body  away  from  the  rank 
of  a  mere  element,  and  call  it  a  protean  body  that  gives  rise  to 
sabstanoes  of  endless  form  and  variety  by  combining  with  a 
very  limited  number  of  elements. 

Additional  interest  attaches  to  carbon  from  the  &ct  of  its 
being  r^arded  as  belonging  preeminently  to  the  organic  king- 
dom. In  fact,  some  of  the  best  observers  and  investigators 
assume  that  there  is  no  such  thing  as  mineral  carbon  among  the 
rocks  of  our  globe,  and  that  wherever  found,  whether  as  dia- 
mond, graphite,  or  coal,  it  is  a  product  derived  from  organic 
matter,  in  which  it  had  first  performed  its  part  in  the  economy 
of  nature. 

A  still  more  exciting  interest  has  been  felt  in  carbon  since 
the  new  department  of  celestial  chemistry  has  received  the 
attention  of  scientists.  And  here  we  are  not  left  for  our  know- 
ledge of  celestial  carbon  to  the  attenuated  form  of  it  which  can 
be  detected  only  by  astronomical  instruments;  for  masses  of 
matter  from  other  spheres  reach  our  globe  from  time  to  time, 
bringing  with  them  specimens  of  solid  carbon  for  our  investi- 
gation, and,  at  the  same  time,  perplexing  our  minds  with  ques- 
tions as  to  its  mineral  or  organic  origiti,  and  as  to  the  existence 
or  not  of  life  on  other  planets,  and  in  other  systems  of  planeta 

Like  the  footprints  of  former  life  on  the  rock  strata  of  our 
globe,  these  indications  in  what  we  call  meteorites,  however 
slight  they  may  be,  are  not  to  be  disregarded.  While  I  do  not 
wish  to  arrogate  to  myself  any  undue  merit  in  the  study  of  this 
subject,  I  must  say  that  I  believe  that  my  methods  published 
in  1855*  set  forth  more  prominently  than  it  had  been  done  be- 
fore, the  proper  method  of  research  for  arriving  at  correct  con- 
clusions. It  is  clear  that  to  attain  positive  results,  the  astrono- 
mer, physicist,  mineralogist,  and  chemist  must  not  run  counter 
to  one  another  iu  the  use  of  the  facts  severally  studied  by  them ; 
and  in  all  that  I  have  done  in  this  direction,  it  has  been  my 
eflfort  to  keep  this  in  view. 

In  the  present  memoir,  it  is  my  object  to  develope  new 
facts,  and  consider  some  points  in  connection  with  the  carbon 
of  meteorites. 

1.   The  Carbonaceous  Meteorites. 

Certain  well  known  meteorites,  from  among  those  whose  fall 
has  been  observed,  have  been  called,  from  their  aspect,  and 
from  their  containing  a  small  amount  of  carbon,  carbonaceous 
meteorites,  although  the  small  amount  of  carbon  contained  in 
them  is  not  sufficient  to  account  for  their  color.  Perhaps  the 
term  melanotic  meteorite  would  be  a  more  appropriate  one,  to 
distinguish  them  from  the  stony  and  iron  meteorites.     There 

*  This  Journal,  n,  six,  153,  322. 
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are  but  four  of  them  jet  known,  viz :  that  which  fell  at  Alais 
in  180e,  that  at  Kold-Bokeveldt  in  1888,  that  at  Eaba  in  1867, 
and  that  at  Orgueil  in  1864  They  oontain,  respectively,  about 
8,  2,  0*6,  and  6  per  cent  of  carbonaceous  matter. 

I  would  here  remark  that  the  Alais,  Kold-Bokeveldt,  and 
Oi^eil  are  more  closely  allied  to  each  other  than  to  the  Kaba 
meteorite.  The  predominating  mineral  constituents  are  about 
as  follows : 

Alaifl,         K-Bcktf  Xaba*  Orgueil, 

bjBen.      bj  Harrii.     l^Wdhler.      l^PisanL 

Silica 31-22         80-80  84'24  26-08 

Magnesia 22*21         22*20  22-89  17*00 

Iron  protoxide.. 29-08         29*94  26*20  29*60 

If  we  now  contrast  these  mineral  constituents  with  those  pre- 
dominating in  well-known  meteoric  stones,  a  most  striking  fact 
Sesents  itself — one  not  commonly  realized  by  those  engaged  in 
e  study  of  these  bodies.  It  is  seen  on  comparing  the  above 
with  the  following  tables : 

GhMtlgny.  QuiteMi  Baufd.  Emtoon  Cttj.  Ooaeord.  DuiTilto.  SesnmoBt. 

ffilica... 85*30  88*18  47*30      47*80    50*08     40*61 

Magnesia 81*76  17-67  24*58      24*58     20*14     86*84 

Iron  protoxide  26-70  29*44  28*08      28-08     19*85     19*21 

From  these  tabular  statements,  it  will  be  seen  that,  deducting 
the  small  amount  of  carbon  contained  in  the  black  meteorites, 
the  mass  of  mineral  matter  constituting  them  is  about  the  same, 
and  corresponds  thus  with  the  soK^ed  common  type  of  me- 
teoric stones ;  and  hence  the  mineral  matter  to  which  these  con- 
stituents belong  must  be  the  same  in  the  two  classes  of  meteor- 
ites, viz :  olivines  and  pyroxenes,  differing  only  in  the  more  or 
less  compact  form  of  these  mineral& 

In  the  writing  of  some  of  the  most  astute  observers  of  these 
bodies,  we  find  little  stress  laid  on  these  factSL  Thus,  M.  Meu nier, 
in  a  paper  on  the  origin  of  meteorites,  published  in  the  Cosmos 
of  December,  1869.  expresses  his  amazement  that  I  should  speak 
of  the  circumscribed  uniformity  of  the  composition  of  meteor- 
ites as  evidence  of  a  circumscribed  cosmical  origin  of  these 
bodies,  both  with  reference  to  the  sphere  or  spheres  whence 
they  come,  as  well  as  their  rock  structure.  He  takes  so  opposite 
a  view  as  to  say  (p.  9),  **  So  far  from  the  meteorites  showing 
such  a  resemblance,  we  can  establish  between  meteoric  iron, 
olivine  meteorites,  aluminous  meteorites,  and  carbonaceous  me- 
teorites, differences  as  great  as  between  the  most  different 
terrestrial  rocks."  An  assertion  which  would  include  all  the 
ranges  of  rocks  and  sedimentary  deposits  from  the  basalt  and 
granite  to  the  cretaceous  and  tertiary  deposits. 

Let  any  one  look  at  the  above  table,  and  say  whether  or  not 
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he  sees  so  vast  a  difference  in  the  mineral  constituents  of  the 
different  meteorites  there  enumerated ;  and  yet  they  represent 
the  two  extremes  of  these  bodies  so  fiir  as  their  external  proper- 
ties are  concerned.  It  is  well  known  that  three  or  four  mine- 
rals represent  the  great  mass  of  the  constituents  of  every  meteor- 
ite in  various  proportions,  viz:  nickeliferous  iron,  olivine, 
pyroxene,  and  anorthite,  especially  the  first  three;  and  the 
purely  iron  meteorites  must  be  recognized  as  magnified  masses 
of  the  metallic  particles  to  be  found  in  every  stony  meteorite, 
not  excepting  even  the  carbonaceous  meteorites.* 

My  object,  however,  in  this  paper  is  not  to  discuss  at  length 
the  general  internal  resemblances  of  these  bodies,  as  I  may  have 
occasion  to  do  it  more  fully  at  another  tima  I  wish  simply  to 
note,  that  black  and  pulverulent  as  are  the  carbonaceous  mete- 
orites, they  are  not  removed  by  their  mineral  constituents  fix)m 
the  so-called  common  meteorites.  I  now  pass  on  to  show  that 
even  in  their  carbonaceous  constituent  they  are  strongly  linked 
even  to  the  iron  meteorites. 

2.  Oraphite  carbon  in  the  Iron  Meteorites, — Ever  since  the  inter- 
nal structure  of  this  class  of  meteorites  has  been  examined  by 
sections  through  the  center  of  these  compact  metallic  masses, 
nodular  concretions  have  been  noted  in  their  interior,  the  most 
common  of  which  consist  of  troilite,  a  protosulphide  of  iron,  and 
filling  ovoidal  cavities.  Sometimes  these  troilite  concretions 
have  a  thin  coating  of  a  lighter  colored  mineral  known  as 
schreibersite ;  and  this  last  is  also  found  alone  in  concretionary 
masses  which  are  usually  angular  or  lamellar. 

Less  frequent  concretions  than  either  of  the  above,  and  even 
more  remarkable,  consist  of  carbon  of  the  character  of  graphite: 
these,  like  the  troilite,  usually  fill  irregular  ovoidal  cavities,  and 
are  more  or  less  contaminated  with  the  latter  mineral 

The  most  important  of  the  meteoric  irons  containing  these 
nodules,  that  have  come  under  my  immediate  observation,  are 
the  Toluca,  the  Cranbourne,  the  DeKalb,  and  the  Sevier :  the 
last  two  have  received  my  special  study,  the  latter  furnishing 
much  the  larger  part  of  the  material  in  my  hands. 

Charactej*  of  the  graphite  nodules, —  These  concretions  differ 
more  or  less  in  appearance,  while  their  general  character  is  the 
same.  In  this  communication  I  call  special  attention  to  a  large 
nodule  taken  from  the  very  center  of  the  Sevier  iron,  the  largest 
that  has  come  under  my  observation,  and  perhaps  the  largest 
known.  It  was  detached  from  the  iron  entire  and  perfect  in 
every  respect     Its  greatest  length  is  60  mm. ;  its  dimensions  in 

*  At  present,  the  Orgueil  and  Rhoda  meteorites  are  the  onlj  two  in  which  no 
positive  evidence  of  the  presence  of  nickeliferous  iron  has  been  traced ;  in  the 
Orgueil,  however,  we  find  nearly  three  per  cent  of  oxides,  nickel  and  cobalt,  and 
the  BJioda  has  not  been  very  critically  examined. 
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the  other  direction  vary  from  20  to  86  mm.  The  weight  before 
it  was  cut  was  92  grams.  Its  form  is  that  of  an  irregular 
dumb-be]l,  flattened  on  one  side,  and  slightly  nodular  on  the 
surface.  Its  color  is  plumbago-black,  except  at  small  places 
on  the  surface,  where  there  is  a  little  bronze-colored  troilite. 
Its  texture  is  remarkably  close  and  compact,  and  it  is  cut 
readily  by  the  saw  except  when  the  tool  encounters  particles  of 
enclosed  troilite.  Its  structure  and  powder  is  not  unlike  that 
of  the  close-textured  graphite  of  Borrowdale  in  Cumberland, 
England,  and  quite  unlike  the  scaly  ^phite  such  as  that  from 
Ceylon,  or  that  found  in  certain  cast  urona 

Examined  from  the  circumference  to  the  center  this  nodule 
presents  the  following  appearances :  About  one-fifth  of  the  cir- 
cumference of  the  section  is  made  up  of  troilite  with  a  thickness 
of  one  millimeter.  The  remainder  of  the  section  has  all  the 
aspect  of  graphite,  except  in  a  few  spots.  In  the  nodule  there 
is  a  small  mass  of  troilite  not  unlike  in  form  the  entire  nodule ; 
it  is  10  mm.  Ions  by  about  5  mm.  wide;  it  is  not  continuous 
from  its  circumference  to  its  center,  but  the  center  portion  is 
eat  off  completely  from  the  exterior  portion  by  a  thin  belt  of 
graphite  one-half  to  three-quarters  of  a  millimeter  in  thickness. 
Again  on  other  parts  of  the  surbce  small  particles  of  troilite 
are  to  be  seen. 

The  specific  gravity  of  this  graphite  is  2*26  mm.,  as  deter- 
mined on  a  piece  in  which  no  troilite  was  visible  to  the  eye, 
and  after  it  was  immersed  in  water  and  placed  under  the  re- 
ceiver of  an  air  pump  to  abstract  the  air  from  its  pores. 

Chemical  character  of  the  graphitic  nodule. — When  pulverized 
and  heated  in  a  short  glass  tube  from  100^  to  160^  C.,  water  is 
given  off  which  is  doubtless  water  absorbed  from  the  air  by  the 
graphite.  If  heated  a  little  higher  and  then  brought  close  to 
we  nose,  a  slight  empyreumatic  odor  is  apparent;  if  heated 
still  higher,  there  is  a  slight  odor  of  sulphuretted  hydrogen.  If 
heated  in  the  open  air  the  carbon  is  burnt  with  difficulty, 
showing  its  true  graphitic  natura 

Treatment  of  the  graphite  by  ether. — Very  pure  and  concen- 
trated ether  was  added  to  two  grams  of  material  in  powder  and 
rubbed  up  in  a  porcelain  mortar;  then  poured  into  a  small 
beaker ;  a  little  more  ether  was  added  and  the  two  allowed  to 
remain  together  for  12  or  18  hours,  the  vessel  being  covered  to 
prevent  evaporation.  The  ether  was  then  filtered  off  from  the 
graphite  which  was  finally  washed  with  a  little  ether.  The 
ether  was  allowed  to  evaporate  slowly  in  the  uncovered  beaker 
placed  where  the  temperature  was  about  88^  C.  After  the  ether 
bad  evaporated,  long  colorless  acicular  crystals  covered  the  sides 
of  the  vessel,  and  some  shorter  ones  were  in  the  bottom.  There 
were  also  some  rhomboidal  crystals  and  rounded  particlea    The 
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solid  residue  exhaled  a  peculiar  odor  of  an  aromatic  character, 
somewhat  alliaceous.  Tne  quantity  of  these  crystals  was  small, 
not  exceeding  15  milligrams  from  two  grams  of  the  graphite. 
Heated  on  a  piece  of  platinum  foil  they  fuse  at  about  120°  C. 
Heated  in  a  small  tube  closed  at  one  end,  they  first  melt  and 
then  volatilize,  condensing  in  yellow  drops  that  soon  solidify 
leaving  a  carbonaceous  residue.  They  are  not  soluble  in 
alcohol,  but  very  soluble  in  sulphide  of  carbon.  Fuming  nitric 
acid  oxidizes  tne  material,  and  gives,  as  one  of  the  products, 
sulphuric  acid.  The  quantity  was  too  small  to  admit  an  ulti- 
mate analysis,  but  it  was  very  evident  that  sulphur  was  the 
predominating  constituent,  the  remainder  being  carbon  and 
nydrogen.  These  three  elements  may  be  combined,  forming  a 
peculiar  sulph- hydrocarbon,  which  in  a  previous  note  I  called 
cekstialite,  or  it  may  be  sulphur  containing  a  minute  quantity 
of  a  hydrocarbon  that  gives  the  peculiar  odor  and  determines 
the  somewhat  singular  form  of  crystallization  of  the  sulphur ; 
for  these  acicular  crystals  may  be  only  elongated  rhombohe- 
drons. 

Be  the  compound  what  it  may,  it  is  a  matter  of  chemical  and 
astronomical  interest  that  a  solid  graphite  nodule  thus  encased 
in  iron  should  contain  a  sulph-hydrocarbon,  or  free  sulphur 
and  a  hydrocarbon. 

The  graphite  powder,  after  treatment  with  ether,  was  then 
treated  with  bi -sulphide  of  carbon  (which  was  re  aistilled  just 
before  use)  and  after  standing  two  or  three  hours  was  thrown 
on  a  filter;  the  filtrate  was  evaporate<l  to  dryness,  and  the  resi- 
due was  a  yellow  solid  ;  in  this  instance,  as  in  the  last,  the 
quantity  was  small.  This,  when  heated  in  the  open  air  on 
platinum  foil  to  a  red  dull  heat,  first  melts  at  about  the  temper- 
ature that  sulphur  melts,  and  finally  the  sulphur  is  burnt  oflF, 
leaving  a  carbonaceous  residue.  When  heated  in  a  tube,  it 
sublimes,  leaving  a  black  residue. 

To  all  appearances  this  is  the  same  substance,  or  mixture  of 
substances,  that  was  extracted  by  the  ether,  the  ether  not  hav- 
ing exhausted  the  graphite  in  the  first  treatment 

The  graphite  nodules  of  the  DeKalb  and  of  the  Oranbourne 
irons,  on  treatment  with  ether  and  sulphide  of  carbon,  gave  sim- 
ilar results.  In  the  case  of  the  Cranoourne  graphite  I  had  less 
than  one  hundred  milligrams  of  the  material  to  operate  with, 
and  I  hardly  hoped  to  obtain  satisfactory  results,  but  I  did 
succeed,  however,  in  obtaining  such  without  the  acicular 
crystals,  for  the  whole  residue  was  less  than  one  milli- 
gram ;  but  I  had  enough  to  recognize  the  peculiar  odor,  and 
also  the  minute  quantity  that  could  be  scraped  off  the  vessel  in 
which  the  evaporation  took  place  furnished  the  marked  reaction 
by  heat  of  volatilization  in  part  and  condensation  of  the  same 
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with  a  carbon  residua  The  Oranbome  graphite  requires  more 
trituratioD  with  the  ether  tbao  that  from  the  Sevier  meteorite 
as  it  is  more  flaky  on  beinff  rubbed  up. 

Further  remarks  about  this  peculiar  substance  will  be  made 
a  little  farther  on,  when  I  come  to  speak  of  the  same  compound 
as  obtained  from  the  black  or  carbonaceous  meteorites. 

[To  be  oontfauied.] 


Art.  LL — CoTUribvUionaJrcm  the  Sheffield  Laboratory  of  Yale 
College.  Na  XXXVIU.— On  the  Oxidation  product  oj  Oly- 
cogen  with  Bromifiej  Silver  Oxide  and  Water ;  by  R  IL  Cmr- 
TESDKSj  PLB.,  Assistant  in  Physiological  Chemistry. 

While  submitting  an  aqueous  solution  of  glycogen  to  the 
action  of  bromine  in  an  open  vessel  with  the  aid  of  heat,  it  was 
observed  that  the  strong  opacity  of  the  fluid  gradually  disap- 
peared, and  that,  after  the  removal  of  the  free  bromine  by  partial 
evaporation,  a  perfectly  clear  fluid  remained  which  contained 
oonsiderable  combined  Promina 

This  reaction,  indicating  union  between  the  glycogen  and 
bromine,  pointed  to  the  possibility  of  the  formation  of  an  acid 
from  the  glycogen  by  oxidation,  in  a  manner  analogous  to  the 
formation  of  **  dextronsaure  *'  from  dextrin,  and  'Mactonsaure  *' 
from  lactose,  as  described  by  Uabermann,*  Barth  and  HIasir 
wetz.t  The  following  experiments  were  undertaken  to  form, 
if  possible,  a  corresponding  acid  from  glycogen.  The  glycogen 
employed  was  prepared  from  the  muscular  tissue  of  Pecten 
irradianSjX  and  was  as  pure  as  could  be  obtained.  The  process 
of  oxidation  was  as  follows :  fifty  grams  of  glycogen  dried  at 
100^  C,  were  dissolved  in  800  c.c.  of  distilled  water,  and  this  solu- 
tion transferred  to  a  champagne  flask  fitted  with  a  caoutchouc 
stopper,  in  which  was  a  small  stout  glass  tube  drawn  out  to  a 
point  §  Fortv  grams  of  bromine  were  then  added  and  the  stopper 
wired  in.  The  flask  was  then  heated  in  a  water  bath  until  the 
red  vapors  of  bromine  had  entirely  disappeared,  which  required 
about  two  hours'  boiling.  A  heavy  light  yellow  or  white  pre- 
cipitate formed  at  first,  which  completely  disappeared  by  the 
time  the  bromine  had  all  been  taken  up.  At  the  end  ox  this 
first  treatment  the  fluid  was  perfectly  clear  and  of  a  pale  yellow 
color.  After  cooling,  the  gases  were  allowed  to  escape,  by 
breaking  the  end  of  the  tube  in  the  cork,  and,  being  collecteo, 
were  found  to  consist  mainly  of  carbonic  acid  and  bromoform. 
The  stopper  was  then  removed  and  40  grams  more  bromine 

*  Annalen  der  Ch.  u.  Pharm.,  dzii,  297.        f  Ibid.,  oxxii,  96. 
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added.  The  flask  was  then  closed  and  heated  as  before  until 
the  bromine  had  all  been  taken  up,  after  which,  on  cooling,  the 
gases  were  liberated  and  40  grams  more  bromine  added,  and  the 
nask  treated  as  befora  After  this,  10  grams  of  bromine  were 
added  three  times,  so  that  150  grams  of  bromine  were  employed 
in  the  oxidation  of  50  grams  of  dried  glycogen. 

The  fluid  was  then  transferred  to  an  evaporating  dish  and 
heated  on  a  water-bath  until  somewhat  concentrated.  When 
cool  the  fluid  was  diluted  with  an  equal  volume  of  water,  then 
mixed  with  freshly  precipitated  and  thoroughly  washed  silver 
oxide  until  all  bromine  was  removed  from  the  fluid.  Aft«r 
the  silver  bromide  had  completely  settled,  the  fluid  was  filtered 
off  and  the  silver  contained  in  it  precipitated  by  hydrogen 
sulphide.  The  silver  sulphide  was  removed  by  filtration, 
and  the  filtrate  upon  partial  evaporation  left  a  yellowish-red 
fluid  with  strong  acid  taste  and  reaction.  This  was  an  impure 
solution  of  an  acid  which  decomposed  carbonates  with  avidity. 
In  this  manner  160  grams  of  dried  glycogen  were  oxidized,  in 
parts  of  50,  giving  in  all  sufficient  acid  for  the  following  exper- 
iments. Two  methods  of  purification  were  employed.  The  first 
consisted  in  treating  this  impure  solution  of  the  acid  with 
chemically  pure  animal  charcoal,  and  precipitating  the  filtrate 
with  an  excess  of  alcohol,  to  remove  inorganic  salts  derived 
from  the  glycogen,  which  the  latter  always  contains  in  small 
quantity.  This  alcoholic  filtrate  is  evaporated  on  the  water- 
bath,  when  a  moderately  pure  solution  of  the  acid  results. 

The  second  and  better  method,  however,  is  to  treat  the  impure 
acid  with  pure  calcium  carbonate,  on  the  water-bath,  when  a  solu- 
ble calcium  salt  is  obtained  which  is  filtered  off,  and,  after  concen- 
tration, crystallizes  out  on  standing  several  days.  After  washing 
the  crystals  with  a  little  cold  water,  they  are  dissolved  in  a  large 
quantity  of  hot  water,  and  precipitateil  while  still  hot  by  basic 
lead  acetate.  This  precipitate  of  a  lead  salt  of  the  acid  is  washed 
with  hot  water,  then  emulsionized  with  water  and  decomposed 
by  hydrogen  sulphide.  The  lead  sulphide  is  removed  by  filtra- 
tion, the  fluid  evaporated,  and  then  mixed  with  an  excess  of 
dilute  alcohol.  The  precipitate,  if  any  forms,  is  filtered  off, 
and  the  filtrate  on  evaporation  leaves  the  pure  acid  as  a  thick 
colorless  syrup,  which,  after  standing  several  months,  shows  as 
yet  no  signs  of  crystallization.  A  solution  of  the  acid  in  water 
has  an  acid  reaction  on  litmus ;  a  strong  acid  taste ;  is  not  pre- 
cipitated by  alcohol,  and  dissolves  freshly  precipitated  hydrated 
copper  oxide  to  an  azure-blue  fluid,  whicn  remains  blue  when 
heated,  but  after  long  boiling  shows  strong  reducing  action. 

Calcium  SaU, — On  treating  an  aqueous  solution  of  the  acid  with 
calcium  carbonate,  on  the  water-bath,  a  violent  evolution  of 
carbonic  acid  takes  place,  and,  after  some  time,  a  soluble  calcium 
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aalt  can  be  filtered  off  from  the  exoess  of  calciam  carbonate. 
If  the  solution  is  at  all  colored  it  can  be  purified  by  animal 
charcoal.  When  suitably  concentrated,  this  solution  on  standing 
several  days,  changes  into  a  mass  of  irr^ular  white  globules, 
which  are  a^regations  of  fine  microscopic  needles. 

The  air-dried  salt,  when  heated  to  100^  G.  loses  only  hygro- 
scopic water,  and,  when  heated  above  100^  C.  turns  brown, 
which  would  indicate  decomposition.  The  salt  after  crystalli- 
zaticn  is  difficultly  soluble  in  cold  water ;  readily  soluble  in  hot 
water,  and  is  precipitated  from  its  aqueous  solution  by  alcohol. 

The  analysis  of  the  salt  gave  the  rormula:  G^H,  ,Ga'0,. 

L  0*2097  grams  of  the  salt  dried  at  100°  C.  gave  -2552  grams 

CO,  and  *1015  grams  H^O. 
IL  0*317  grams  of  the  dried  salt  gave  *8851  grams  CO,  and 

'1508  grams  H^O. 
ni.  0*330.5  grams  of  the  dried  salt  gave  *0429  grams  CaO. 
IV.  0*272^gramB  of  the  dried  salt  gave  *036  grams  CaO. 

Oalciilaied.  Found. 

1.  2.  8. 

Ca'*  9-35  9-27  945 

Barium  Salt — On  treating  a  portion  of  the  acid  on  the  water- 
bath  with  barium  carbonate,  the  latter  salt  is  decomposed,  and 
a  soluble  barium  salt  of  the  acid  results.  The  salt  thus  formed 
does  not  crystallize  readily  from  this  solution.  Alcohol  is  then 
added  in  excess  to  the  fluid,  when  a  heav^  white  precipitate 
forms,  flocculent  at  first,  but  soon  becommg  gummy.  This 
precipitate  is  washed  with  alcohol,  and  after  drying  has  the 
appearance  of  a  hard  yellow  gum.  The  gum-like  mass  is  dis- 
solved in  water,  filtered  through  animal  charcoal,  and  evaporated 
to  a  small  bulk,  when,  afler  standing  a  week,  the  fluid  is  con- 
verted into  a  mass  of  auite  large,  white,  glassy  prisms,  which 
contain  water  of  crystallization. 

The  analysis  of  the  salt  dried  at  100°  C.  gave  the  formula: 
CjH,  ,Ba'0,.  The  air-dried  salt  gave  the  formula:  C^H,  ,Ba' 
0,+liH,0. 

I.  0-347  grams  of  the  salt  dried  at  100"  C.  gave  -3488  grams 

COj  and  -1402  grams  11,0. 
IL  0*2778  grams  of  the  dried  salt  gave  '2793  grams  CO,  and 

•1102  grams  H^O. 
IIL  0*498  grams  of  the  dried  salt  gave  •1872  grams  BaCOg. 
IV.  0*3117  grams  of  dried  salt  gave  ^1175  grams  BaCO,. 
V.  1*2257  grams  of  the  air-dried  salt  gave  by  drying  at  100®  C. 
•11542  grams  HaO. 

•  Ca'=20. 


Oalciilaied. 

Found. 

1. 

2. 

33-49 

88-18 

33-12 

5-12 

5-37 

6*28 

9*36 

•  •  « • 

»  s  a  a 

52^05 

M    •  a  • 

*  •  «  a 
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Calculated. 

Found. 

1. 

2. 

8. 

C,         27-32 

27-41 

27-41 

•  •  •  • 

Hi,         417 
Ba'*     26-99 

4*48 

4-40 

•  •  •  V 

«       M      V      M 

•  •  •  • 

26-14 

O,         42-64 

W      M      «»     M 

•  •  • 

w    •»     •    « 

HH,0  9-64 

•     «     «     • 

.  _ . . 

.  •  •  . 

6. 


26-21 


9-41 


The  crystals  of  this  salt  are  very  readily  soluble  in  hot  and  cold 
water,  but  insoluble  in  alcohol. 

The  air-dried  crystals  when  placed  over  concentrated  sul- 
phuric acid  lose  6*42  per  cent  of  water.  The  calculated  amount 
for  one  molecule  of  water  is  6*74  per  cent  On  drying  the 
crystals  at  100®  C.  the  remaining  one-half  molecule  is  driven  offi 
Heated  at  120°  C.  the  crystals  turn  brown  and  swell  up. 

Cadmium  SaU, — On  treating  an  aqueous  solution  of  the  acid 
with  cadmium  carbouate,  on  the  water-bath,  a  soluble  cadmium 
salt  is  obtained  which  does  not  crystallize.  The  salt  is  precipi- 
tated from  its  solution  by  three  or  four  volumes  of  alcohol,  then 
redissolved  in  water,  filtered  through  animal  charcoal,  and  re- 
precipitated  by  alcohol  It  is  thrown  down  from  its  solution 
as  a  flocculent  precipitate  which  soon  becomes  gummy,  and 
when  hard  yields  on  trituration  a  perfectly  white  powder. 

The  analysis  of  the  salt  dried  at  100°  C.  gave  the  formula: 
C„H,,Cd'0\. 

I.  0-3924  grams  of  the  salt  dried  at  100°  C.  gave  -4105  grams 

COg  and   1618  grams  H^O. 
IT.  0-3644  grams  of  the  dried  salt  gave  -3702  grams  CO^  and 
-1412  grams  HgO. 

III.  0-344  grams  of  the  dried  salt  gave  -0989  grams  CdS. 

IV.  0-3668  grams  of  the  dried  salt  gave  -1023  grams  CdS. 


Calculated. 

1. 

2. 

Ce 

28-68 

28-62 

28-48 

H,. 

Cd't 

4-38 

4-58 

4-42 

22-31 

«  w  *  «» 

*  »  w  M 

0, 

44-70 

-  -  -  - 

Found. 


3. 


22-36 


22-29 


Coball  Salt — On  heating  an  aqueous  solution  of  the  acid 
with  cobaltic  carbonate,  on  the  water-bath,  a  cherry-red  solution 
of  a  cobalt  salt  of  the  acid,  is  obtained,  which  does  not  crjstal- 
lize  readily  from  the  aqueous  solution.  On  the  addition  of 
alcohol  to  a  concentrated  or  only  moderately  dilute  solution  of 
this  salt,  a  heavy  pink  colored  precipitate  forms  which  soon 
becomes  gummy. 

This  precipitate,  after  being  washed  with  alcohol  and  dried  at 
100°  C.  gave  by  analysis  the  formula:  C^H,  iCo'O,. 

♦  Ba'=68-6.  t  Od'=66. 
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L  0-279  grams  of  the  salt  dried  at  100°  C.  gave  -826  grams 

COj  and  1213  grams  H«0. 
IL  0283  grams  of  the  driea  salt  gave  -3325  grams  Co,  and 

•1200  grams  H^O. 
GQ.  0*2005  grams  of  the  dried  salt  gave  -0268  grams  Co. 

3. 


Calculated. 

Found. 

1. 

2. 

c. 

3207 

81-76 

32*04 

H.. 

4-89 

4-88 

4-71 

Co'* 

13-14 

•  •  V  «• 

•  -  -  ^ 

o. 

49-89 

-  -  -  - 

»  ^  «•  « 

13*36 

om  a  very  dilute  solution  in  water,  the  cobalt  salt  is  precipi- 
ed  by  alcohol  in  the  form  of  pink  flocks.  On  allowing  this 
jcipitate  to  stand  several  weeks  in  the  alcoholic  fluid,  it  will 
found  to  have  changed  its  form,  and  under  the  microscope, 
11  be  seen  to  consist  of  fine  needle-shaped  crystals.  These 
rstals  dried  at  100®  C.  gave  by  analvsis  the  formula :  C^H,, 
O^+H.O. 

L  0*219  grams  of  the  salt  dried  at  100°  C.  gave  *2372  grams 

CO2  and  *108  grams  H^O. 
IL  0*2992  grams  of  the  dried  salt  gave  -3225  grams  CO^  and 

•1484  grams  Hj,0. 
HI.  0*2052  grams  of  the  dried  salt  gave  -0254  grams  Co. 

3. 


Calculated. 

Found. 

1. 

2. 

c. 

29-69 

29*53 

29-40 

H,, 

Co'* 

5-36 

5*47 

5-51 

1216 

«  «  «  • 

M  «  *  « 

0. 

52-78 

• 

i2*37 

Manganese  Salt  — A  solution  of  the  acid  treated,  as  in  the 
^ceding  methods,  with  manganic  carbonate,  forms  a  soluble 
inganese  salt  which  separates  from  the  suitably  concentrated 
id  in  masses  of  fine  microscopic  feather-like  crystals.  These 
rstals  upon  close  examination  are  seen  to  be  made  up  of  ra- 
iting needles.  When  a^tated  in  water  they  have  a  orilliant 
ky  luster.  They  are  slightly  yellow,  soluble  in  water,  but 
K>luble  in  alcohol.  The  salt  dried  at  100°  C.  gave  by  analysis 
5  formula:  C^HjiMnO^. 

I.  0-305  grams  of  the  salt  dried  at  100°  C.  gave  -362  grams 
C02  and  -142  grams  HgO. 
II.  0*363  grams  of  the  dried  salt  gave  '062  grams  MnjO^- 

2. 

K 

Mnf  12-35  12-66 

o. 


Oalculated. 

Found. 
1. 
32*36 

32-35 

4*94 

5-17 

12-35 

•  •  •  — 

50*33 

♦  Co'=29-6. 

t  Mn'=27-6. 
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Lead  Salt — On  treating  an  aqueous  solution  of  the  calcium 
salt  with  basic  lead  acetate,  best  with  the  application  of  heat^  a 
heavy  white  gelatinous  precipitate  is  obtained,  which  after 
washing  with  hot  water  and  drying  at  100°  C,  yielded  by  analysis 
the  formula:  CjH.PbjO,. 

I.  0-280  grams  of  the  salt  dried  at  100^  C.  gave  -1 15  grams 

CO,  and  *0368  mms  H^O. 
IL  0*3855  grams  of  the  dried  salt  gave  *1645  grams  CO,  and 

•0505  grams  H^O. 
ni.  0*436  grams  of  the  dried  salt  gave  *d212  grams  PbO. 
lY.  0*1522  grams  of  the  dried  salt  gave  *1122  grams  PbO. 


Calculated. 

Found. 

1. 

2.                     3. 

c. 

11*88 

11-20 

11-68              

H, 

1-32 

1-42 

1-45 

Pb". 

68*31 

•  •  •  « 

68-88 

o,.. 

18*49 

.  .  ~ . 

....                .... 

68*43 

On  adding  a  solution  of  neutral  lead  acetate  to  an  aqueous  so- 
lution of  the  acid,  a  white  flocculent  precipitate  is  obtained.  A 
similar  precipitate  is  obtained  with  basic  lead  acetate.  These 
precipitates,  after  washing  with  water  and  drying  at  100**  C, 
gave  by  analysis  the  following  results: 

Precipitate  produced  by  Precipitate  produced  bj 

neutral  lead  acetate.  ba«ic  lead  acetate. 

C  11-60  C  11-42 

H  1*42  H  1-55 

Pb  6819  Pb  68*66 

O  18*79  O  18-37 

A  silver  salt  was  also  obtained  as  a  flocculent  precipitate 
This  was  not  analyzed. 

By  a  backward  glance  we  see  that  in  all  the  salts  obtained, 
with  the  exception  of  the  lead  salt,  the  acid  acts  as  a  monobasic 
acid.  In  the  case  of  the  lead  salt,  however,  four  atoms  of  hy- 
drogen are  replaced  by  two  atoms  of  the  metal.  Hlasiwetz  in  an 
article  upon  the  basicity  of  '*  lactonsaure  "  and  "  gluconsaure,"* 
in  which  he  shows  that  these  acids  are  not  only  monobasic  but 
also  dibasic,  gives  a  method  whereby  he  obtained  a  dibasic 
barium  salt  from  a  monobasic  calcium  salt  On  treating  an 
aqueous  solution  of  the  monobasic  calcium  salt  of  this  acid  in 
the  same  manner,  viz:  with  baryta  water,  and  heating  to  boil- 
ing, a  white  flocculent  precipitate  is  obtained,  which  after 
washing  with  hot  water  and  drying  at  100''  C.  gave  by  analysis 
the  formula:  C,H,„Ba"0,. 

I.  0*282  grams  of  the  salt  dried  at  100*  C.  gave  -2192  grams 
COj  and  *0905  grams  H,0. 
II.  0*1585  grams  of  the  dried  salt  gave  -1235  grams  CO^  and 

*05t)5  grams  HgO. 
III.  0*3255  grams  of  the  dried  salt  gave  *192  grams  BaCO,. 

*  Annalen  der  Gh.  u.  E^harm.,  dviii,  253. 
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Orientoted.  Found. 

1.                       S.  8. 

C,  21-75  21-19  21-24  

H,-j  8-02  8-56  8-64  

Ba^             41-88                41-01 

O,  88-83  

The  formation  of  this  salt,  together  with  the  lead  salt,  shows 
that  from  this  acid  both  moDobasic  and  dibasic  salts  can  be 
formed. 

The  formula  of  the  acid  is  C^Hi.O,  and  in  the  oxidation  of 
the  glycogen  we  can  assume  that  the  following  reactions  take 
place:  C,H,,0.+H,0+2Br=C.H,,0.Br,.  Adding  silver 
oxide  to  the  bromine  compound  we  have : 

C.H,,0.Br,+Ag,0=C.H,,0^+2AgBr. 

From  analogy,  it  would  seem  proper  to  apply  to  this  acid  the 
name  glycogen  acid. 

The  preceding  analyses  and  reactions  show  conclusively  that 
by  the  action  of  bromine,  water  and  silver  oxide  on  glycogen, 
an  acid  is  formed  which  bears  the  same  relation  to  ^Ivebgen  as 
^dextronsaure'*  to  dextrin.  On  comparing  this  acid  with  the 
descriptions  of  '^gluconsaure''*  and  ^*  dextronsaure,"t  we  see 
that  the  glycogen  acid  differs  from  the  two  no  more  than  the 
two  differ  m>m  each  other.  There  is  also  the  same  relationship 
existing  between  glvcogen  acid  and  the  acid  or  acids  obtained 
by  the  oxidation  ox  amylum  and  paramylum:^  by  Haberman, 
which  latter  show  but  few  points  of  difference  from  ^'glucon- 
sSure  '*  and  '*  dextronsaure." 

Febnuuy  26th,  1876. 


Art.  LIL — On  the  existence  or  not  of  Home  in  the  Dinocerata: 
by  RicHABD  Owen.  (Letter  to  the  Editors  of  this  Journal, 
dated  London,  Feb.  24,  1876.) 

GsirrLEMBX :  Among  the  new  forms  of  extinct  Eocene  mammals 
of  America,  for  which  science  is  indebted  to  Professor  O.  C. 
Marsh,  those  which  he  refers  to  'Hhe  new  order  Dinocerata^"*  are 
the  most  singular. 

The  study  of  their  characters,  especially  as  described  and  illus- 
trated in  your  Joumal,§  has  led  me  to  submit  a  few  remarks  on  the 
subject  of  '^  horns."  These  weapons  in  mammals,  if  formed  or  sup- 
ported by  bone,  are  either  "  autogenous  "  or  "  exogenous,"  either 
** epiphyses"  or  "apophyses;"  terms  which  signify,  in  a  word, 
either,  that  the  horn  is  ossified  from  an  independent  center  and 

«  AiiiiBleii  der  Ch.  u.  Phann.,  dy,  120.    f  Ibid.,  cUdi,  29*7.    %  Ibid.,  dxzii,  II. 
§  YoL  jd,  February,  1876,  p.  163. 
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afterwards  coalesces  with  a  cranial  bone,  or  that  it  grows,  u  a 
process,  from  a  cranial  bone. 

The  giraffe  yields  an  instance  of  the  *'  antogenous ''  horn,  and 
its  skull,  in  either  the  recent  or  fossil  state,  shows  the  basal  sutures. 
In  other  species  the  horns  or  horn-cores  are  ^* exogenous;''  and 
sucb,  in  the  absence  of  the  sutural  evidence,  are  the  parts  called 
"  horn-cores  "  in  the  Dinoceraia, 

But  before  elevations  or  processes  of  cranial  bones  can  be  pro- 
nounced to  be  "  horn-cores,''  the  evidence  of  the  horns  they  sup- 
ported should  be  forthcoming.  Paleontology,  it  is  true,  infers  the 
existence  of  horns  supported  on  bony  bases,  or  "  horn-cores,"  in  ex- 
tinct species  in  which  such  horns  have  perished.  Ifos  cuitiqtiuSy 
Bison  priscus^  SivcUherium^  Bramatherium^  are  rightly  referred 
to  the  "  hollow-horned  "  group,  and  the  two  latter  may  seem  more 
ffermain  to  the  present  question,  seeing  that  the  ''  horn-cores  "  are 
in  two  pairs.  Such  conclusion  is  based  on  the  presence  of  foramina 
and  ramified  grooves  upon  the  surface  of  the  *^  cores,"  which  are 
known  to  be  the  effects  of  the  penetration  and  pressure  of  blood- 
vessels supplying  the  growth  and  renovation  of  the  homy  sheaths 
of  such  bony  processes.  The  same  evidence  reveals  the  true  na- 
ture of  the  horn-cores,  which  may  be  covered  with  skin  instead  of 
honi,  such  as  are  the  horns  of  deer,  from  which  when  complete  the 
skin  is  shed. 

In  the  absence  of  such  evidence  the  paleontologist  infers  th&t 
smooth  un furrowed  protuberances  or  processes  of  cranial  bones 
were  covered,  like  the  rest  of  the  outer  surface  of  the  bones  devel- 
oping them,  with  persistent  periosteum  and  skin,  in  the  existing 
animal.  He  refrains  from  calling  them  "  horn-cores,"  and  from 
defining  the  extinct  species  manifesting  them,  as  *'  homed,"  "  fom^ 
horned,"  or  "  six-horned,"  Diceratay  letracerata^  Hexcu^erata  ;  or, 
as  in  the  case  of  the  hornless  herbivores  of  the  Wyoming  Eocene, 
Dinocerata  :  because  such  terms  imply  the  possession  by  those  ex- 
tinct quadrupeds  of  weapons  of  which  there  has  not,  at  present, 
been  given  any  evidence. 

Professor  Marsh,  indeed,  candidly  admits  in  regard  to  the  pro- 
tuberances which  suggested  the  generic  name  Binoceras^  that  they 
"  may  possibly  have  been  covered  with  thick  skm  and  not  with 
true  horn."f  But  we  have  no  evidence  of  the  integument  having 
been  thicker,  or  other  on  the  protuberances  than  on  the  crani^ 
bones  developing  them. 

It  may  be  noted  that  the  hornless  exceptions  in  the  group  of 
existing  herbivorous  quadrupeds  with  true  horn-core-s  and  horns, 
the  hornless  Moschidce^  e.  ff.,  are  furnished  with  other  weapons  of 
defense,  a  pair,  namely,  of  long,  edged,  and  sharp-pointed  canines 
descending  from  the  upper  jaw. 

The  hornless  Dinoceras  was  similarly  armed,  and  Professor 
Marsh  believes  he  has  evidence  of  a  sexual  difference  of  size  in 
those  dental  weapons,  which  would  yield  another  analogy  to  the 
existing  Musk-deer.     But  the  dental  and  osteal  characters  of  the 

t  Loc.  cit,  p.  164. 
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lactyle  Dinaeerw  are  oonsistentlv  "  periModaotyle.**  The 
remarkable  peculiarity  of  its  slrall  ia  the  tendeDoy  of  the 
wall  of  the  boDes  to  extend  into  ridges  and  bosses ;  and  this 
ily  in  the  cranium  proper  and  upper  jaw,  but  also  in  the 
jaw.  If  these  bosses  were  leeitmiately  interpretable  as 
-cores,"  we  must  give  the  animala  pair  of  horns  descending 
Lhe  under  and  forepart  of  the  mandible  to  match  the  pair 
linff  from  the  maxilla.  But  the  singular  processes  descend- 
id  diverging,  as  a  pair,  from  the  mandibular  rami,  diow  as 
d  an  absence  of  any  indication  of  their  having  been  dieathed 
lom  as  do  the  pairs  of  protuberances  from  tne  nasal,  maxil- 
md  the  frontal  bones  above. 


SCIENTIFIC   INTELLIGENCE. 
L  Chemistry  and  Physics. 

DiplameUr, — M.  Landolf  has  invented  an  instrument  for 
iring  the  diameter  of  objects  without  touching  them  and  in- 
dently  of  their  movements.    A  wedee-shaped  piece  of  fflass 

in  two  along  a  plane  perpendicular  to  the  edse  of  the 
?,  and  joined  together  a^ain  after  turning  one  piece  180^ 
ng  through  the  line  of  junction  of  the  pnsms,  objects  will 
r  double,  because  the  prisms  will  deviate  the  rays  in  oppo- 
Irections.  When  the  two  images  appear  just  in  contact  the 
ing  will  be  just  equal  to  the  diameter  of  the  object  Hence 
xk£t  the  distance  we  can  compute  the  diameter,  or  vice  versa. 
>nsm8  slide  over  a  graduated  rod  so  that  the  object  being 
1  at  one  end  they  are  moved  until  the  two  images  are  just  in 
3t,  when  the  distance  furnishes  a  ready  means  of  determin- 
lie  diameter.  In  the  instrument  actually  constructed  a  dis- 
of  42  mms.  corresponded  to  an  overlapping  of  1  mm.  Con- 
atly  tenths  of  a  millimeter  were  readily  measured.  Evi- 
r  motions  of  the  object  do  not  affect  the  measure  since  both 
«  move  together. —  Comptes  Kendus^  Ixxxii,  424. 
mierous  applications  of  this  instrument  will  suggest  them- 
.  In  natural  history  the  dimensions  of  various  parts  of  ani- 
>r  plants,  whether  large  or  small  may  be  found,  and  in  physics 
»  which  cannot  be  touched,  as  bubbles,  vibrating  bodies,  <fec., 
)e  quickly  measured.  By  setting  the  prisms  as  an  eye-glass 
istrument  would  form  a  convenient  substitute  for  a  telescope, 
Etsuring  distances  with  a  telemeter.]  b.  c.  p. 

Specific  Heat  of  Gases. — M.  Wiedemann  has  published  in 
s  measurements  of  the  specific  heat  of  ^ases  referred  to  in  a 
.  number  of  this  Journal  (cviii,  465).     His  results  are  given 

following  table  in  which  the  first  column  gives  the  name  of 
as,  and  the  second,  third  and  fourth  its  specific  heat  under 
kut  pressure  at  temperatures  of  0^,  100°  and  200^.    The  last 
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three  columDs  give  the  corresponding  specific  heats  ander  con^nt 
volume : 


Name. 

Constant  Pressure. 

Constant  Volume. 

0* 

100' 

200* 

0* 

lOO*          200* 

Air, 

2389 

•2389 

Hydrogen, 

3*410 

•2369 

Carbonic  oxide, 

•2426 

•2346 

Garbonic  acid, 

•1962 

•2169 

•2387 

•2986 

•3316          •3650 

Ethyl, 

•3364 

•4189 

•6016 

•3254 

•4062          -4851 

Nitrous  oxide. 

•1983 

•2212 

•2442 

•3014 

-3362          -3712 

Ammonia, 

•6009 

•6317 

•6629 

•2962 

•3134         -3318 

— Pogg,  Ann,^  clvii,  1.  e.  c.  p. 

3.  Crooke^B  Radiometer. — Mr.  G.  J.  Ston by  presents  an  expla- 
nation of  the  apparent  repulsion  produced  by  heat,  according  to 
the  Kinetic  theory  of  ^ases.  Mr.  Crookes  has  shown  that  the 
pressure  produced  on  a  blackened  surface  of  two  square  inches  by 
the  light  of  a  standard  candle  six  inches  distant  would  be  '001772 
grains  or  somewhat  less  than  '01  milligram  per  square  centimeter. 
Assuming  that  the  pressure  of  the  air  m  the  interior  is  reduced  to 
*1  mm.  there  would  still  be  something  like  a  hundred  million  of 
millions  of  atoms  in  each  cubic  millimeter.  These  atomn  will  con- 
sist in  part  of  oxygen  and  nitrogen  from  the  air,  of  mercury  and 
hydrocarbons,  and  probably  in  part  of  platinum,  glass  and  other 
substances  in  a  gaseous  form. 

The  blackenea  surface  will  be  heated  by  the  candle  more  than 
the  glass  by  an  amount  which  may  be  assumed  at  *1^  and  the  lur 
in  contact  with  it  will  vary  in  temperature  from  that  of  the  disk 
to  that  of  the  enclosing  air.  Were  the  air  at  its  ordinary  pres- 
sure the  heated  layer  would  be  very  thin,  and  may  be  estimated 
at  about  -0005  mm.,  or  about  the  wave-length  of  green  light 
With  the  small  pressure  here  employed,  however,  the  case  is  quite 
different,  and  the  thickness  of  the  layer  would  equal  "0005  X 
(7600)^ '3  ^,  or  over  a  decimeter.  The  heated  layer  therefore  ex- 
tends to  the  wall  of  the  surrounding  vessel,  and  now  a  heat  engine 
is  formed  by  the  particles  of  air  which  strike  the  disk  with  a  veloc- 
ity due  to  a  tempeniture  of  perhaps  15®,  and  are  repelled  from  it 
with  a  velocity  due  to  its  temperature  of  15*1°.  The  resultant 
pressure  on  the  disk  may  be  reamly  computed  and  is  found  to  be 
•0115  milligram  which  agrees  closely  with  '01,  as  observed  by  Mr. 
Crookes.  In  other  words  a  difference  of  temperatui*e  of  '1®  C.  is 
sufficient  to  account  for  the  observed  pressure. — Phil,  Mag.^  1, 177. 

[The  measurement  here  referred  to,  is  described  in  Engineering^ 
Feb.  18tb,  and  was  effected  in  the  following  manner :  A  torsion 
balance  was  constructed  with  a  horizontal  glass  fiber  and  with  a 
horizontal  arm  terminating  in  a  cup  at  one  end  and  in  a  disk  of 
pith  at  the  other.  A  small  piece  of  iron  weighing  a  hundredth 
of  a  grain  was  raised  by  a  magnet  and  dropped  into  the  cup.  It 
was  then  found  that  the  fiber  must  be  turned  through  100021**  to 
bring  the  arm  back  to  its  original  position.  The  light  of  a  candle 
at  a  distance  of  6  inches  was  next  allowed  to  fall  on  thepith,  when 
a  torsion  of  1776®  was  required  to  bring  it  back.     This  corres- 
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ponds  to  -001772  grains,  or  about  an  eighth  of  a  grain  per  square 
foot.  From  this  it  would  appear  that  the  light  of  the  sun  would 
be  equivalent  to  32  grains  per  square  foot  or  57  tons  per  square 
mile.  Mr.  Crookes  further  applies  this  instrument  as  a  photometer 
and  suggests  its  application  to  observatories  to  determine  the 
total  amount  of  sunlight  received  during  the  year.  The  number 
of  revolutions  could  be  counted  by  attaching  a  magnet  to  the 
radiometer  which  should  act  on  a  magnetic  needle  moving  a 
counter  outside  of  the  glass  casa  Similarly  the  power  of  the  in- 
strument might  be  transmitted  through  the  glass  without  the 
usual  loss  by  friction. 

Numerous  other  articles  appear  on  the  same  subject.  Poggen- 
dorff  and  Neesen  (Bibl.  Univ.,  ccxvii,  84,  and  Phil.  Mag.,  1,  261) 
publish  independent  series  of  experiments  ^om  which  they  conclude 
that  the  repulsion  is  due  to  convection  currents.  Several  articles 
appear  also  in  '  Nature,'  on  the  radiometer;  on  p.  HOI,  Mr.  Crookes 
shows  that  the  repulsion  is  inversely  as  the  square  of  the  distance 
and  compares  the  effect  of  rays  of  various  wave  lengths.  On  page 
824,  Mr.  Hutchinson  states  that  a  radiometer  with  mica  vanes  on 
metallic  supports  revolves  more  rapidly  with  dark  heat  than  with 
light,  but  Mr.  Crookes  replies  that  pith  should  be  used  as  the 
absorbing  substance,  since  metals  give  erratic  results.]     £.  c.  p. 

4.  The  Gram  Magneto-Electric  mcu'hine, — ^M.  Tbksca  has  made 
a  careful  measurement  of  the  power  required  to  drive  a  large  and 
a  small  gram  machine  and  compared  the  result  with  the  light  gen- 
erated. A  photometer  disk  was  used,  of  which  one  portion  was 
illuminated  only  by  the  electric  light  and  an  adjacent  portion 
only  by  a  carcel  burner  consuming  40  grams  of  oil  per  hour. 
Much  trouble  was  experienced  from  the  difference  in  color  of  the 
two  lights,  and  the  equality  was  best  obtained  by  interposing  two 
platea  of  glass,  one  of  light  green  and  the  other  of  light  pink. 
Owing  to  irregularities  in  the  carbons  the  light  continually  under- 
went irregularities  sensible  only  to  the  photometer.  The  light  of 
the  larger  machine  was  placed  40  meters  from  the  disk  and  the 
burner  moved  until  the  square  of  their  distance  should  be  as 
1860: 1,  which  was  about  the  mean  ratio  of  the  two  lights.  When 
the  two  portions  of  the  disk  appeared  equally  bright  the  observer 
gave  a  signal  and  instantly  the  power  and  velocity  were  observed. 
The  larger  machine  had  a  length  of  80  cms.,  width  55  cms.,  and 
height  58-5  cms.  The  average  number  of  turns  per  minute  was 
1274,  and  the  work  576  killogram meters  or  7  68  horse-power. 
The  light  being  1850  burners,  would  equal  '415  of  a  horse-power 
per  100  burners,  or  '31  kgms.  per  burner. 

The  smaller  machine  had  a  length  of  65  cms.,  breadth  of  41  cms., 
and  height  of  50*6  cms.  It  made  87*^  turns  per  minute,  and  gave 
a  light  of  302*4  burners.  This  required  211  kgms.,  or  2*8  horse 
power,  equivalent  to  '92  of  a  horse  power  per  hundred  burners,  or 
•69  kgms.  per  burner. 

The  consumption  of  oil  to  produce  a  light  equal  to  that  of  the 

larger  machine  would  be  about  71  kgs.  per  hour  or  194  cubic 

Am.  Jour.  8ci.— Third  Sbriks,  Vol.  XI,  No.  65.— Mat,  1876. 
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meters  of  gas.  The  cost  of  the  oil  would  be  therefore  in  Parii 
about  a  hundred  times  that  of  the  electric  light,  or  that  of  ga8 
fifty  times,  to  produce  the  same  light.  The  comparison  with  the 
smaller  machine  would  be  less  favorable.  The  carbons  for  the 
larger  light  had  a  cross  section  of  8 1  mms.,  and  the  ordinary  con- 
sumption was  a  little  over  a  centimeter  in  length  per  hoar.— 
Comptea  Hendus^  Ixxxii,  299.  k.  a  p. 

6.  .Effect  of  increase  of  temperature  on  the  Index  of  JR^fraeUon  ; 
by  Professor  T.  P.  Msndsnhall.  Letter  to  the  editors,  dated 
Columbus,  Ohio,  April  10,  1876. — Dear  Sirs:  I  have  in  progress 
an  investigation  of  the  effect  of  increase  of  temperature  on  the 
index  of  refraction,  which  has  at  this  time  yielded  some  results 
of  considerable  importance  to  spectroscopists.  In  1858  Messrs. 
Gladstone  and  Dale  announced  as  the  conclusion  of  a  research 
upon  this  question,  that  in  every  substance  the  refractive  in- 
dex diminishes  as  the  temperature  increases.  I  am  satisfied  that 
fflass  at  least  does  not  obey  this  law ;  that,  on  the  contrary,  with 
It  the  index  increases  with  the  temperature.  In  my  experiments 
I  have  used  equilateral  glass  prisms  with  indices  of  refraction  of 
about  1*63.  The  change  in  the  position  of  the  D  line  has  been 
observed  with  a  parallel  wire  micrometer.  That  the  effect  was 
not  due  to  a  change  in  the  angle  of  the  prism  during  the  process 
of  cooling  I  satisfied  mvself— both  by  measurement  of  the  angle 
when  hot  and  when  cold — ^and  by  receiving  the  image  of  the  dit 
of  the  collimator  reflected  from  both  faces  upon  the  cross  hairs 
of  two  telescopes  properly  adjusted  upon  the  instrument.  No 
appreciable  change  in  angle  could  be  discovered.  Numerous  ex- 
periments agree  well  in  fixing  the  ''  index  of  sensitiveness,^  but 
the  quantitative  results  I  have  not  fully  worked  out.  I  only  wish 
at  present  to  direct  attention  to  the  fact,  that,  in  the  use  of  a 
tram  of  several  glass  prisms  in  a  spectroscope,  ordinary  changes 
of  temperature  to  which  the  instrument  may  be  subjected  will 
produce  a  very  noticeable  change  in  the  position  of  the  spectrum 
lines.  In  my  own,  of  five  large  prisms,  of  an  angle  of  64®,  the 
change  in  the  position  of  the  D  line  on  removing  the  prisms  from 
an  open  window,  the  temperature  outside  being  about  32°  F., 
to  the  room,  at  ordinary  temperature  was  as  much  as  95  divisioDS 
of  the  micrometer  screw  head.  With  a  smaller  number  of  prisms 
the  change  was  closely  proportioned  to  that  number.  I  wish  to 
suggest  that  in  this  way  may  be  found  the  cause  of  many  discrep- 
ancies which  occur  in  tables  of  wave-lengths,  as  furnished  by  dif- 
ferent workers,  in  such  cases  as  those  in  which  the  dispersion  spec- 
trum has  been  made  use  of,  and  the  wave-length  computed  by  in- 
terpolation. A  great  many  such  cases  occur  in  Watt's  Index  of 
spectra.  In  an  instrument  of  many  prisms  the  observation  of 
temperature  will  be  a  matter  of  vital  importance  in  fixing  the 
exact  position  of  a  line.  I  propose  to  pui*sue  the  investigation, 
especially  in  respect  to  the  observation  of  lines  more  or  less  re- 
frangible than  the  D,  and  also  as  to  the  effect  of  change  of  temper- 
ature upon  other  than  glass  prisms. 


Geology  and  Mineralogy.  ^ifl 


11.  Geology  ai^d  Mineralogy. 

1.  Does  the  actual  vegetation  of  the  Globe  furnish  any  general 
marks  by  which  it  could  be  recognized  in  all  countries  if  it  became 
fossil  f — ^This  qaestioQ  is  asked  by  Alph.  DeCandoUe  in  a  brief  ar- 
ticle in  the  Archives  des  Sciences  of  Geneva  for  December,  1876. 
The  question  is  answered  in  the  negative,  as  was  inevitable.  For, 
as  the  anthor  observes,  the  species  of  plants  over  the  globe  differ 
BO  widely  with  difference  of  locality  that  it  would  be  exceedingly 
difficult,  or  rather,  impossible,  to  draw  the  line  between  differences 
in  species  due  to  local  distributions,  and  those  due  to  successional 
relations.  The  difficulties,  moreover,  are  greatly  increased  through 
the  fact,  well  illustrated  by  Dr.  Gray,  that  the  vegetation  of  the 
northern  hemisphere  has  widely  changed  place  during  even  the 
Quaternary,  ana  also  more  than  once  in  earlier  time.  It  hence 
follows,  as  DeCandolle  urges,  that  any  conclusions  as  to  the  suc- 
cession or  cotemporaneity  of  species  in  £urope  could  not  be  ex- 
pected to  be  applicable  to  America  or  the  otner  continents ;  and 
even  the  deposits  of  the  several  natural  regions  of  a  continent 
would  not  admit  of  being  svnchronized  without  great  doubts  over 
the  conclusions.  This  special  inference  is  not  new  to  geologists ; 
for  they  admit  that  with  the  best  of  evidence  they  cannot  make 
out,  except  very  uncertainly,  the  equivalency  of  the  successive 
rocks  of  Europe  and  America. 

But  while  this  general  proposition  is  well  sustained,  other  ques- 
tions are  suggested  by  the  author  which  appear  to  demand  a  ref- 
erence to  a  wider  range  of  facts  than  his  paper  considers. 

Professor  DeCandolle  seems  to  regard  all  fossils  as  equally  poor 
registers  of  geological  age  with  plants.  It  is  certain  that  fossil 
plants  are  a  most  unsatisfactory  means  of  determining  equivalency. 
Marine  plants — in  wonderful  contrast  with  marine  animals — have 
varied  little  through  the  geological  ages ;  and  hence  if  plants  are 
used  at  all  for  chronological  purposes  we  are  confined,  with  hardly 
an  exception,  to  the  terrestrial  species.  But  the  terrestrial  species, 
while  much  more  diverse  than  the  marine,  include  only  a  very 
limited  series  of  distinct  types,  and  floras  have  continued  the  same 
or  similar  through  very  long  ages.  Besides,  terrestrial  species, 
whether  vegetable  or  animal,  are  more  confined  in  their  distribu- 
tion through  physical  conditions  than  those  of  salt-water ;  and,  fur- 
ther, they  are  far  more  poorly  represented  in  the  rocks  than  marine 
species.  For  these  reasons,  ana  because  of  the  great  doubts  that 
come  from  migrations,  the  geologist  makes  little  use  of  fossil  plants 
except  for  the  purpose  of  characterizing  in  a  general  way  the  floras 
of  the  grander  divisions  of  geological  time.  In  actual  fact,  geolo- 
gists, in  their  subdivisions  or  identifications  of  formations,  have 
relied  almost  solely  on  evidence  from  fossil  animals,  and  especially 
marine  animals ;  and  if  fossil  plants  are  mentioned  as  the  charac- 
teristics of  a  period  or  age,  it  has  been,  with  rare  exceptions,  only 
after  the  question  of  the  period  or  age  has  been  decided  by  means 
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of  other  evidence.  Evidence  from  these  other  sources  has  its 
doabts,  but  it  is  not  of  so  small  value  as  that  from  plants.  This 
comparative  want  of  value  is  well  illustrated  by  the  present  wide 
divergence  between  Paleophytologists  and  general  Paleontologists 
with  regard  to  the  age  or  the  plant-bearing  beds  of  the  Rocky 
Mountains,  the  Arctic  regions,  and  Europe.  An  allusion  to  the 
uncertainties  of  Botanical  evidence  in  the  Rocky  Mountain  region 
m^  be  found  on  page  149  of  this  volume. 

But  Prof.  DeCandolle  makes  the  evidence  from  plants  of  less 
value,  we  think,  than  is  reasonable.  He  says :  No  one  would  dare 
to  assert  that  during  the  progress  of  a  eiven  bed  of  Pennsylvania 
coal,  there  did  not  exist  somewhere,  perhaps  far  away,  an  elevated 
region  less  moist,  on  which  Angiosperms  were  already  in  existence. 
The  supposition  is  a  forced  one.  For,  in  Cretaceous  and  Tertiary 
times,  Angiosperms  were  the  plants  of  moist  lands,  their  leaves 
abounding  in  the  coal-formations  of  those  eras ;  and  it  is  hence 
natural  that  they  should  have  abounded  in  moist  places  also  in  the 
Carboniferous  age,  if  in  existence  then  along  with  the  Acrogens 
and  Gymnosperms. 

In  the  vJarDoniferous  period  of  North  America,  the  peat-making 
marshes  at  times  spread  from  Eastern  Pennsylvania  to  Western 
Iowa  and  Arkansas,  covering  an  area  of  more  than  500,000  square 
miles ;  and,  at  the  same  time,  there  were  dry  hills  or  mountains 
along  the  borders  of  the  marshes,  in  New  York,  New  Jersey,  Ohio, 
Wisconsin,  Missouri,  Arkansas,  through  all  that  long  age.  The 
Adirondacks  were  certainly  in  existence,  and  the  Green  Moun- 
tains, and  the  Highlands  of  New  Jersey,  and  other  ridges  or 
mountains  beyond  the  Mississippi.  The  area  of  those  Carbonifer- 
ous marshes  with  their  surroundings  was  large  enough,  and  varied 
enough  in  surface,  to  have  borne  a  fair  representation  of  the  flora 
of  that  era  of  approximately  uniform  climate ;  and  still  the 
streams  from  the  hills  conveyed,  so  far  as  yet  discovered,  no 
leaves  of  Angio8f)erm8  to  the  marshes  that  bordered  the  hills.  The 
Coal-measures  of  the  Arctic  bear  similar  testimony,  whether  there 
by  migration  or  not,  and  so  do  those  of  Europe.  Further,  Permian, 
Triassic  and  Jurassic  beds  overlie  the  Coal  formation  both  in 
America  and  Europe  and  have  afforded  no  remains  of  Angiosperms. 
It  is  from  facts  like  these  that  geologists  have  been  led  to  infer 
that  the  flora  of  those  lands  during  the  Carboniferous  age  had 
characteristics  distinguishing  it  very  decidedly  from  that  of  other 
ages  ;  and  to  deem  it  probable  that  the  precursors  of  the  Angio- 
sperms existed  then  in  a  state  unlike  that  of  a  Cretaceous  or  mod- 
ern Angiosperm. 

Prof.  DeCandolle  adds,  in  the  same  paragraph,  that  if  fossil  An- 
giospermous  plants  were  found  by  geologists  in  any  rock  "  that  rock 
would  be  at  once  pronounced  of  the  Cretaceous  age,"  [or  of  later 
time].  In  reply  1  only  repeat  that  geologists  are  very  generally 
convinced  that  the  evidence  from  fossil  plants  is  not  to  be  trusted, 
and  make  the  plants  of  whatever  age  the  fossil  animals  present 
may  indicate.     The  **  Cretaceous  "  plants  of  the  United  States  are 
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the  plants  of  beds  which  bad  previously  been  determined,  throagh 
the  animal  fossils,  to  be  Cretaceous ;  and,  if  geologists  finally  con- 
clade  that  the  flora  of  the  Lignitic  beds  is  all  Cretaceous,  it  will 
be  done  on  the  ground  of  the  animal  relics,  and  in  spite  of  what 
has  been  regarded  as  good  botanical  evidence. 

While  then  there  may  be  doubts  over  chronological  conclusions 
from  fossils  of  whatever  kind,  the  geologist  who  surveys  the  whole 
field  finds  those  doubts  less  weighty  than  they  would  naturally 
appear  to  one  who  looked  at  the  subject  from  the  botanical  side 
atone.  j.  d.  d. 

2.  Report  of  the  Geological  Survey  of  Ohio.  Volume  IL 
Geology  and  Pakeontology. — Part.  II,  Pakeontology^  (or,  as 
stated  on  the  cover.  Palaeontology,  Vol.  II.)  436  pp.  roy.  8vo, 
with  over  sixty  plates.  Columbus,  Ohio,  1876. — This  large  volume 
contains,  after  a  preface,  by  Dr.  J.  S.  Newberry,  the  head  of  the 
survey,  descriptions  of  Fossil  Fishes,  by  Dr,  Newberry,  pp.  1-64  ; 
of  Silurian  Fossils,  and  of  Crinoids  from  the  Waverly  group,  by 
J.  Hall  and  R.  P.  Whitfield,  pp.  66-179  ;  of  Silurian  and  Devo- 
nian Corals,  by  H.  A.  Nicholson,  pp.  181-268;  of  Invertebrate 
Carboniferous  Fossils,  by  F.  B.  Meek,  pp.  269-847 ;  of  Carbonif- 
erous Amphibians,  by  E.  D.  Cope,  pp.  349-411;  of  Lower  Car- 
boniferous fossil  plants,  by  E.  B.  Andrews,  pp.  413-426.  The 
paleontological  work  was  thus  in  able  hands,  and  covers  a  large 
namber  of  species  in  each  of  its  departments.  The  portions  giv- 
ing the  most  novel  results  are  those  of  the  Fishes  and  Amphibians, 
and  the  Lower  Carboniferous  plants. 

Dr.  Newberry  describes  the  genus  Dinichthys  from  new  and 
magnificent  specimens — including  broad  plates  of  the  venter  and 
back,  fifteen  inches  to  two  feet  in  length,  a  mandible  twenty-two 
inches  long,  a  cranium  almost  complete,  and  other  bones — and 
shows  that  it  was  closely  related  to  (Joccoeteus,  The  large  ven- 
tral pieces  were  five  in  number.  The  anterior  end  of  the  mandi- 
ble was  turned  up  so  as  to  form  a  strong  acute  prominent  tooth, 
which  had  a  produced  dentate  margin  m  one  species.  The  den- 
tition resembles  that  of  the  living  Lepidosiren ;  and  Dr.  New- 
berry refers  the  genus  (along  with  Coceosteu9y  Heteroatius^  As- 
terolepis,  PterichthySy  etc.),  to  the  Lepidosiren  group,  or  the  Dip- 
noa,  and  agrees  with  Dr.  GUnther  in  placing  the  Dipnoans  and 
Placoderms  with  the  Ganoids.  A  species  of  Coccosteus,  C,  occi- 
defitalis  Newb.,  is  described  from  Ohio.  Dr.  Newberry  describes 
"  Conodonts  "  from  the  Waverly  group,  which  he  is  inclined  to 
refer  to  the  Marsipobranchs.  He  also  gives  new  species  of  Cla- 
doduSy  Polyrhizodns,  Orodus,  CtenacanthiiSy  Lystracanthus^  Platy- 
oduSy  RhynchoditSy  CteNodus,  Dipterus^  and  introduces  the  new 
genus  of  Ganoids,  Seliodus^  for  species  near  those  of  Dipterua, 
Dr.  Newberry,  after  remarking  that  the  occurrence  together  of  the 
spines  Ctenacanthtts  furcicarinatus,  the  teeth  Orodus  variabilis^ 
and  certain  dermal  tubercles,  show  that  they  belong  to  the  same 
species,  remarks  that  impressions  of  the  heterocercal  tail,  with 
the  fins  of  the  same  species,  have  been  observed — one  of  them  six 


410  Scientific  InieUtgenoe. 

feet  long ;  and  that  the  lower  lobe  of  the  tail  oonsista  of  rays  that 
were  distinctly  ossified. 

The  Batrachians  or  Amphibians  from  the  Carboniferous  beds, 
and  described  by  Prof  Cope,  are  referred  by  him  to  the  order 
which  he  has  named  Stegocephali;  an  order  including  the  Laby- 
rinthodonts  Owen,  and  also  Owen^s  Qanocephala^  and  other 
species  recently  described  which  have  been  called  MtcrosaurB,  The 
species  are  partly  lizard-like,  with  ribs  and  limbs  (as  in  Dendrer- 
peton^  HylonomuB^  Amphibamus^  Coloateua^  ArchegosauruSy  etc; 
and  part  very  long  and  slender,  snake-like,  with  limbs  wanting,  as 
in  Molgophis  Cope,  which  has  ribs  and  probably  no  liipbs,  and 
Phlegethontia  Cope,  which  is  without  both,  and  includes  ^^  true 
batrachian  snakes,'* — one  imperfect  specimen  having  66  vertebr». 
Prof.  Cope  also  describes  a  few  Amphibians  which  he  refers  to 
the  Proteida, 

The  interesting  Subcarbonife^ous  plants  brought  to  light  and 
described  by  Professor  E.  B.  Andrews,  have  been  already  noticed 
in  the  last  volume  of  this  Journal  (p.  462)  by  the  author.  The 
turning  out  of  so  many  new  species  of  unusual  forms  in  a  region 
that  had  already  been  long  explored  is  a  fact  of  much  geological 
interest. 

The  very  numerous  plates  of  this  volume  are  well  executed. 

Dr.  Newberry  announces  in  his  Preface  that  Volume  III  of  the 
Paleontology  will  contain  a  general  review  of  the  fossil  plants  of 
Ohio,  with  descriptions  of  new  species;  a  memoir  by  Prof.  O.  C. 
Marsh,  on  the  IHcotylea  compressuSy  and  on  the  Castoroidea  Ohio- 
etiais ;  and  notices  of  other  Quartemary  vertebrate  remains, 
together  with  some  invertebrate  fossils  yet  undescribed.  When 
completed,  the  series  of  Ohio  reports  will  rank  among  the  best 
State-survey  publications  that  have  appeared. 

3.  Geological  Survey  of  Alabama.  Report  of  Progress  for 
1876  ;  by  Eugene  A.  Smfih,  Ph.D.,  State  Geologist.  8vo,  220 
pp. — In  this  volume,  a  general  outline  of  the  Paleozoic  formations 
of  Alabama,  with  brief  descriptions  of  the  various  beds,  by  Prof. 
Smith,  is  followed  by  a  summary  of  the  facts  heretofore  known 
concerning  the  Coal-fields  of  the  State,  prepared  by  Mr.  T.  H. 
Aldrich.  The  first  systematic  attempt  at  mining  and  shipping 
coal,  in  Alabama,  is  said  to  have  been  made  in  1863,  near  the 
southwestern  extremity  of  the  Cahaba  coal-field.  Mr.  Aldrich's 
paper  includes  a  reprint  of  parts  of  an  elaborate  essay  by  R.  P. 
Kothwell,  published,  two  years  since,  in  the  Engineering  and 
Mining  Journal.  The  coal-series  is  said  to  contain  ten  or  twelve 
veins  [seams]  of  remarkable  thickness,  i.  e.,  from  two  feet  (average 
thickness  of  clean  coal)  upward,  besides  a  number  of  smaller  beds, 
several  of  which  are  from  fifteen  to  eighteen  inches  in  thickness. 
These  ten  or  twelve  workable  beds  are  distributed  in  two  series  or 
groups,  as  we  find  in  all  our  coal-field8,''notably  in  West  Virginia, 
Ohio  and  Pennsylvania.  *  •  The  maximum  available  thick- 
ness of  coal  as  yet  proved  in  any  portion  of  the  field  will  not  ex- 
ceed thirty  or  thirty-five  feet ;  while,  if  we  take  the  area  of  the 
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Cahaba  field  at  230  square  miles,  the  average  thickness  of  worka^ 
ble  coal  over  the  entire  field  would  probably  scarcely  attain  fifteen 
feet.  This  estimate,  so  much  lower  than  we  have  been  accustomed 
to  see  stated  in  reports  and  newspaper  articles,  is  probably  not 
very  different  from  the  thickness  whicn  the  same  method  of  esti- 
mating would  give  for  any  of  our  other  bituminous  coal  fields. 
^  The  enormous  thickness  of  the  coal-bearing  rocks  in  the  Cahaba 
field,  being  estimated  at  over  5,000  feet,  has  no  parallel  in  the 
Warrior  coal-field."  Record  of  four  borings  in  the  Warrior  field 
show  sections  of  from  400  to  600  feet  of  strata,  including  four, 
seven  and  eleven  coal-horizons. 

Prof.  Lesquereuz  furnishes  a  list  of  57  species  of  coal-plants,  (of 
which  12  are  named  as  new,)  and  remarks  upon  the  very  low  posi- 
tion in  the  Coal-measure  series  to  which  they  must  theoretical^  be 
assigned,  a  few  species,  such  as  Stembergitty  Lepidodendron  fVel* 
iheitnianum  and  Aeterophyllites  gradlia^  ranging  down  even  into 
the  Devonian.  This  corresponds  with  the  suggestions  already 
made,  by  several  geologists,  that  the  coal-measures  of  the  Southern 
States  are  all  very  low  in  the  series,  the  whole  having  been  called 
"sub-conglomerate"  by  some  writers.  We  should  prefer,  how- 
ever, some  more  ceitain  evidence  on  this  point  than  has  yet  been 
produced.  The  surveys  of  Alabama,  Georgia  and  Kentucky,  now 
m  progress,  will  leave  but  a  short  gap  (m  northern  Tennessee) 
between  the  well-known  fields  of  Pennsylvania  and  Ohio  and  the 
southern  extremity  of  the  system. 

The  body  of  the  report  is  occupied  with  details  of  County-work, 
mostly  in  the  Silurian  areas  of  the  State.  Some  analyses  of  ores 
are  given,  besides  lists  of  elevations.  There  is  also  a  valuable 
paper  by  A.  K.  Grote,  on  the  cotton-worm  (Aletia  argiUacea 
Utlbner)  which  is  preliminary,  the  author  states,  to  a  more  ex- 
tended history  of  the  worm.  Mr.  Grote  writes  from  observations 
in  Alabama  on  the  habits  of  the  worm,  and  also  from  a  study  of 
it  elsewhere.  He  is  an  excellent  entomologist,  and  if  his  reviews 
are  continued  in  the  survey,  will  add  greatly,  by  his  study  of  the 
insects  injurious  and  beneficial,  to  the  value  of  the  State  Keports. 

We  understand  that  the  State  appropriation,  for  the  work  thus 
reported  on,  is  only  $500  a  year  to  cover  the  travelling  expenses 
of  the  geologist  during  the  vacations  of  the  State  University,  in 
which  institution  he  is  a  Professor.  The  volume  may  therefore 
properly  be  accounted  a  personal  contribution  to  the  cause  of 
science. 

4.  The  Geological  Record  for  1874. — An  account  of  works  on 
Geology,  Mineralogy  and  PalaBontology,  published  during  the 
year.  Edited  by  William  Whitaker,  b.A.,  F.G.S.,  of  the  Geo- 
logical Survey  of  England.  398  pp.  8vo.  London,  1875.  (Taylor 
&  Francis.) — Mr.  Whitaker,  the  editor  of  the  Geological  Kecord, 
has  had  able  co-workers,  and  has  produced  a  volume  which  will  be 
found  of  great  value  to  all  of  all  lands  that  are  interested  in  the 
progress  of  geological  science.  The  sub-editors  are  the  follow- 
ing, all  members  of  the  Geological  Society:  W.  Topley,  G.  A, 
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Lebour,  F.  Drew,  and  R.  Etheridge,  Jr.,  for  Descriptive  Geology; 
Professor  A.  H.  Green,  for  Physical  Geology ;  F.  W.  Radler,  for 
Mineralogy  and  Petrology ;  and  L.  G.  Miall,  Profl  EL  A.  Nicholson, 
and  W.  Camithers,  for  Paleontology.  The  number  of  workv  and 
memoirs  mentioned  by  title  is  very  large,  and,  for  mach  the  larger 
part,  short  abstracts  are  given,  wnich  appear  to  have  been  care- 
rally  prepared.  American  pablications  are  included,  as  well  as 
those  of  other  continents,  and  are  judiciously  treated.  Some 
omissions  we  note,  of  papers  in  the  Publications  of  Societies.  This 
volume  is  to  be  the  first  of  a  series  of  Annual  Recorda,  and  that 
for  1 875  is  already  far  advanced. 

5.  Report  on  the  Geology  of  a  portion  of  Colorado  examined 
in  1873 ;  by  Prof.  J.  J.  ^evbnson.  876  pa  4to.  Part  IV  of 
Lieut.  Wheeler's  Survey  Report,  vol.  IIL  Published  March  4, 
1876. — Prof.  Stevenson  treats,  in  his  report,  of  the  general  physical 
features  of  Colorado,  of  the  various  rock  formations  and  mineral 
springs,  and  of  the  structure  and  age  of  the  Rocky  Mountain 
System  and  brings  forward  much  that  is  of  interest,  under  this 
last  head,  the  new  conclusion  is  advanced  that  there  teas  an  era  of 
mountain-making  in  the  Rocky  Mountains  at  the  cioee  of  the 
Carboniferous  age^  synchronous  with  that  in  which  the  Appa 
lachians  were  formed.  The  facts  brought  forward  in  its  support 
appear  to  us  to  be  too  few  and  from  too  limited  an  area  to 
establish  fully  its  truth  against  the  opposing  statements  of  other 
Rocky  Mountain  investigators.  If  an  epoch  of  mountain-making 
then  occurred,  it  ought  to  be  registered  in  an  extensive  series  of 
obvious  facts.  We  see  in  the  Appalachians — ^in  their  breadth 
exceeding  100  miles,  their  length  several  hundreds,  with  upturn- 
ings  everywhere — an  example  of  an  individual  mountain-chain 
(i.  c.,  one  made  in  a  single  mountain-making  operation) ;  and 
also  a  display  of  the  manifest  evidences  of  disturbance  which 
such  an  area  should  bear.  We  have,  further,  an  illustration  of 
the  fact  that  such  an  "  individual"  cannot  have  narrow  confines, 
because  the  crust  of  the  earth  has  been — certainly  since  Silurian 
times — too  thick  to  bend  in  a  narrow  trough  or  geosynclinal  (the 
trough  in  which  the  deposits  constituting  the  mountains  were 
accumulated).  We  shall  look  with  great  interest  for  the  results 
that  may  hereafter  be  published  by  other  observers  on  this  inter- 
esting question.  j.  d.  d. 

6.  Das  Grehirge  um  HaUstatt  Erster  Theil ;  Die  Mollusken- 
Faunen  d.  Zlambach  und  Hallstatter-Schichten.  II  Hefl  mit  38 
Lith.  Tafeln.  Von  Edmund  Mojsisovics  von  Mojsv&r,  Chef-Geolo- 
gen  d.  k.  k.  geol.  Reichsanstalt.  4to.  Vienna,  1876. — This  part  of 
the  e^reat  work  on  the  peculiar  fossil  fauna  of  the  renowned  locality 
of  Hallstatt  is  worthy  of  its  predecessor  previously  noticed  in  this 
Journal.  It  contains  the  most  complete  series  of  figures  and  descrip- 
tions of  the  genus  Arcestes  yet  published.  Thirty-four  plates  are 
devoted  to  the  illustration  of  this  group  and  the  specimens  are, 
for  the  most  part,  very  perfect.  This  has  enabled  the  author  to 
exhibit  a  very  perfect  series  of  a  multitude  of  various  forms  all 
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having  perfect  apertares,  and  his  plates  are  the  most  perfect  de- 
monstration, which  we  have  yet  seen,  of  the  importance  of  the 
contours  of  the  aperture  in  the  classification  of  suVgroups.  The 
author  divides  the  g^nus  Arcestes  into  several  divisions  according 
to  the  peculiarity  of  the  sutures  and  gives  complete  tables  of  the 
geological  and  geographical  distribution  of  the  species.  In  fact 
the  stratigraphical  paleontology  is  treated  in  the  most  perfect 
manner.  Any  criticisms  of  the  zoology  of  the  work  would  oe  out 
of  place  and  mapplicable,  since  it  is  essentially,  as  are  all  the  later 
German  paleontological  memoirs  on  this  and  kindred  subjects, 
paleontological  geology;  the  differences  of  the  animal  remains 
Deing  invariably  the  aim  of  all  the  researches,  with  the  view 
of  establishing  data  by  which  the  different  strata  may  be  distin- 

faished  one  from  another,  and  the  peculiarities  of  the  fauna;  noted, 
wo  new  genera  are  described,  Didymites  and  Lobites.  The  latter 
being  related  to  the  true  Arcestes  in  about  the  same  way  that 
Scaphites  is  to  the  typical  Ammonites.  Whether  this  will  eventu- 
ally hold  or  not  is  doubtful,  since,  as  Quenstedt  has  shown  in  his 
master-work  on  the  Jura,  such  forms  are  intimately  connected  with 
normal  forms,  sometimes  not  even  specifically  separable  according 
to  the  generally  accepted  methods  of  classificatiop.  a.  h. 

7.  Rammdsberg :  HandJmch  der  Mineral-  Chemie.  2d  edition, 
980  pp.  8vo.  Leipzig,  1875. — ^The  second  edition  of  Rammels- 
berg^s  valuable  work  on  mineral  chemistry  is  an  indispensable 
volume  to  all  interested  in  the  progress  of  mineralogy.  The  gen- 
eral plan  adopted  by  the  author  is  essentially  that  of  the  first 
edition  (published  in  1860^,  the  most  important  changes  being 
those  which  strict  conformity  throughout  to  the  principles  of  the 
new  chemistry  has  required.  The  first  v(»lume  (136  pp.)  contains 
the  general  treatment  of  the  subject  of  mineral  chemistry,  with  a 
detailed  discussion  of  the  principles  of  isomorphism  and  hetero- 
morphism.  The  second  volume  (744  pp.)  takes  up  the  mineral 
species  in  order,  giving  under  each  the  most  of  the  analyses  pub- 
lished, especially  those  of  recent  date.  For  each  analysis  the 
atomic  ratios  of  the  different  elements  have  been  calculated  in  full, 
and  from  them  the  formulas  are  deduced.  The  author  has  been  so 
long  an  authority  in  mineral  chemistry  that  his  present  conclusions 
on  many  disputed  points,  though  occasionally  appearing  somewhat 
arbitrary,  will  have  great  weight  with  all.  e.  s.  d. 

8.  Einleitung  in  die  KryataUberechnung^  von  Carl  Klein  ; 
zweite  Abtheilung^  pp.  209-393.  Stuttgart,  1876. — The  first  part 
of  Professor  Klein's  valuable  work  on  crystallography  was  noticed 
in  a  recent  number  of  this  Journal,  (III,  xi,  68.)  The  present  part 
includes  a  detailed  description  of  the  methods  of  calculation  appli- 
cable to  the  monoclinic,  triclinic,  and  hexagonal  systems,  thc^  whole 
being  characterized  by  the  same  clearness  and  thoroughness  to 
which  attention  was  before  called.  A  chapter  upon  the  drawing 
of  ciystals  forms  the  conclusion  of  the  work.  e.  s.  d. 
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III.  Botany  and  Zoology. 

1.  Ph(Bnological  ob^ervcUions  in  CHuten;  by  H.  Hoffmann. 
{Phdn4ogische  Beobachtunaen  in  Oiessen^  von  H.  HoffinanD.) 
— We  do  not  know  any  single  Enfflish  word  for  the  kind  of  obser- 
vations here  recorded,  and  therefore  we  shall  adopt  that  which 
our  author  has  borrowed  from  Greek.  This  pamphlet  of  3*i  pages 
gives  the  date  when  the  leaf  and  flower-bads  of  over  two  hundred 
plants  opened;  the  fall  of  the  blossom;  the  ripening  of  the  fruit, 
and  the  fall  of  the  leaves.  The  observations  in  some  cases  ex- 
tend through  twenty  years  or  more.  The  author  has  also 
noted  the  dates  of  the  appearance  of  butterflies,  birds,  etc.  The 
author  submits  his  work  as  a  contribution  to  the  store  of  facts  re- 
quired by  the  student  of  vegetable  climatology,  but  does  not 
give  any  conclusions  of  his  own  except  the  following  : 

In  the  case  of  plants  in  a  given  locality,  the  average  of  a  few 
years  is  very  nearly  the  same  as  the  average  of  many,  e.  g. : 

The  ''  first  flowers''  of  the  following  species  appeared  on  the 
days  given  below  as  means : 

Average  of  8  jean,  of  13  years. 

Geranium  sylvaticum^  20  May,  19  May. 

Triticum  vulgare^  "  " 

Average  of  16  years,  of  21  years. 

Helianthus  annuus,  26  June,  25  June. 

Average  of  9  years,  of  14  years. 

Primula  elatior,  25  March,  25  March. 

In  only  one  of  the  cases  collated  is  there  to  be  observed  a  dif- 
ference of  more  than  one  day. 

Prufius  avium^  average  of  8  years, 23  April. 

"     14     " --   21      " 

"     21     **       19      *' 

6.    L«.     G. 

2.  BuUetin  of  the  Biiasey  Institution^  Harvard  University, 
Part  V.  1^76. — This  finishes  the  first  volume,  of  458  pages, 
and  is  therefore  properly  supplemented  by  a  copious  index.  In 
articles  No.  18,  19,  and  20,  Frof.  Storer  continues  his  valuable 
and  practical  chemical  papers — the  notice  of  which  we  leave  to 
another  hand.  Papers  No.  21  to  24  are  by  Prof.  W.  G.  Farlow, 
as  follows : 

On  a  Disease  of  Olive  and  Orange  Trees  occurring  in  Cali- 
fornia in  t/i£  spring  and  summer  of  1875. — It  proves  to  be  the 
work  of  a  fungus,  Fnmago  salicina,  which  has  been  known  and 
given  trouble  in  Europe  since  the  year  1829.  In  an  excellent 
plate  Prof.  Farlow  represents  the  stylospores,  mycelium,  pycnidia, 
and  conidia. 

On  the  American  Grape-  Vifie  Mildew. — It  appears  that  the 
Oidium  Tuckeri^  which  has  been  so  disastrous  to  the  vines  of 
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Bnrope  and  Madeira,  and  which  is  '^the  oonidial  form  of  some 
species  of  the  A9comyeeU8^  probably  some  Erysiphe^^  although 
sapposed  to  have  come  from  America,  is  not  a  common  or  conspico- 
oos  infestor  of  oar  native  vines ;  bat  that  the  commonest,  at  least 
in  New  England,  is  P^rtnowpora  viticola,  which  is  limited  to  the 
leaves  and  stems,  and  does  not  attack  the  fruit.  Beinff  often 
found  on  every  leaf,  of  a  vine,  it  would  be  expected  to  injure  the 
grape  crop.  "  Such,  however,  is  not  the  case.  The  fiingus  does 
not  attack  the  grapes  themselves,  nor  does  it,  at  least  in  New 
England,  apnear  until  about  the  first  of  August,  and  its  withering 
effect  upon  the  leaves  is  not  very  evident  before  September.  As 
fiur  as  out-of-door  grape  culture  in  the  northern  States  is  concerned, 
we  are  inclined  to  believe  that,  practically,  no  harm  is  done  by 
I^erenospora  viHcola^  but  that,  on  the  contrary,  the  fungus  is 
really  beneficial.  Our  native  vines  have  a  luxuriant  growth  of 
leaves ;  and  the  danger  is  that,  in  our  short  summers,  the  grapes 
may  not  be  suflicientl^  exposed  to  the  sun  to  ripen.  But  the 
I^$renotpora  arrives,  with  us,  at  a  time  when  the  vine  has  attained 
its  growth  for  the  season,  the  important  point  being  then  to  ripen 
up  the  grapes  which  are  concealed  by  the  foliage.  By  the  shrivel- 
ing of  the  leaves,  the  Peretiospora  enables  the  sun  to  reach  the 
grapes  without  loss  to  the  vines,  as  is  shown  by  the  &ct  that  the 
vines  continue  to  live  on,  year  after  year,  without  apparent  in- 
jury.'* The  botanical  history,  literature,  and  forms  of  this  ftingus 
are  fully  illustrated,  two  plates  show  the  structure  and  fructifica- 
tion of  this  and  some  allied  species ;  and  a  synopsis  of  the  hal^ 
dozen  species  of  Perenospora  detected  in  the  IJmted  States,  and 
five  of  CyHopuSy  is  appended. 

Zist  of  the  Fungi  found  in  the  vicinity  of  Boston.  Confined 
to  the  species  which  have  come  under  the  author's  own  observa- 
tion. 

The  Black  Knot  (of  Plum  and  Cherry  trees).  This  interesting 
and  important  memoir  is  illustrated  by  three  beautiful  plates, 
showing  this  disease  in  various  stages,  and  the  whole  structure, 
development  and  fructification  of  Sphoria  mortosa  of  ScbuciDitz, 
the  fungus  which  produces  this  black  knot,  which  so  deforms  and 
injures  plum  and  cnerr^  trees  throughout  the  Northern  States  and 
Canada.  The  remedy  is  the  knife  or  the  axe.  For  prevention  Dr. 
Farlow  recommends  the  extirpation  of  choke  cherry  trees,  upon 
which  the  pest  largely  breeds  in  the  vicinity  of  Boston.  Fartner 
west  it  would  all  the  more  be  necessary  to  destroy  all  the  wild 
plum-trees  (Prunus  Americana)^  which  are  fearfully  infested. 

No.  25,  the  last  paper  of  the  volume,  is  Prof.  Sargent's 

Beport  of  the  Bireator  of  the  Arnold  Arboretum  ; — from  which 
we  learn  that:  "Probably  over  100,000  ligneous  plants  have  been 
raised  during  the  nine  months,"  and  as  many  as  5,542  trees  and 
shrubs  have  been  presented  to  various  establishments  and  indi- 
viduals throughout  the  United  States  interested  in  agriculture," 
besides  those  sent  to  Kew  and  elsewhere  abroad.  A  catalogue  of 
the  species  raised  is  appended.  a.  o. 
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3.  Nj/mp?ioeaflava  Leitner. — ^The  plate  of  Audnbon's  great  work 
which  represents  the  American  swan  likewise  represents  the  flower 
of  a  yellow  Nymphijea^  or  true  water-lily,  under  the  aboye  name. 
The  foliage  which  accompanies  it  may  be  that  of  a  Nuphar^  but 
the  flower  is  that  of  a  Nymphoaa,  I^itner  was  a  German  botan- 
ist who  explored  southern  Florida,  and  died  or  disappeared  there, 
— if  we  rightly  remember,  was  thought  to  have  been  killed  by 
Indians.  He  doubtless  met  Audubon  and  gave  him  the  name 
which  he  published  on  his  plate.  The  species  has  properly  been 
left  unnoticed  so  long  as  the  whole  evidence  of  its  existence  rested 
upon  Audubon's  figure  of  a  flower  accompanied  as  it  is  with 
Nuphar  foliage.  But  of  late  years  we  have  heard  of  a  yellow 
water-lily  in  Florida.  In  1 874,  Dr.  Edward  Palmer  sent  us  a 
specimen  with  foliage  and  flowers  collected  in  Indian  River,  and 
certified  to  the  yeUow  color.  It  has  now  been  detected  by  Mrs. 
Treat,  on  the  St.  John's  River,  and  living  plants  commanicated  to 
us,  from  which  we  mav  expect  to  see  fresn  blossoms.  The  srowth 
is  very  diflerent  from  that  of  N.  odoraZa^  the  rhizoma  beine  uiorter, 
and  thickly  beset  with  salient  blunt  tubercles;  and  the  plant 
propagates  freely  by  stolons.  a.  g. 

4.  Note  on  some  of  the  Starfishes  of  the  New  Midland  Coast ; 
by  A.  E.  Ve BRILL. — In  the  Archives  de  Zoologie  Experim6ntale 
et  G6nerale,  vol.  iv,  Nos.  2  and  3,  1876,  M.  Edmond  Perrier  has 
published  a  very  useful  and  important  paper  entitled  ^^  Revieion 
de  la  (Collection  de  Stellerides  da  Museum  d^Histoire  NcUureUe  de 
Paris^'*  in  which  he  has  redescribed  many  of  the  types  of  Lamarck, 
J.  E.  Gray,  MuUer  and  Troschel,  and  others,  as  well  as  many  new 
species,  and  has  also  added  many  remarks  on  various  genera  and 
species,  as  well  as  upon  their  classification,  etc.  At  the  present 
time  I  do  not  propose  to  discuss  this  memoir,  as  a  whole,  but  wish 
to  call  attention  to  some  errors  into  which  the  author  has  fallen 
concerning  our  common  New  England  species,  owing  chiefly, 
doubtless,  to  his  not  having  a  sufficient  number  of  well  preserved 
specimens  to  form  any  clear  ideas  of  their  true  specific  characters 
and  great  variability. 

Every  naturalist  who  has  occasion  to  collect  ahd  study  any 
considerable  number  of  living  specimens  of  any  of  the  larger 
species  of  Asterias^  especially  if  from  different  localities  or  vary- 
ing stations,  must  be  deeply  impressed  by  their  extreme  varia- 
bility, not  only  in  size  and  color,  but  in  the  form  and  relative 
length  of  the   rays,  character  oi'  the  dorsal  spines,  number  of 

f)edicellari8B,  etc.  Moreover,  if  he  has  had  occasion  to  preserve 
arge  numbers  of  specimens,  both  in  alcohol  and  by  drying,  he 
must  have  observed  the  very  different  forms  and  appearances  that 
specimens,  quite  similar  when  living,  will  assume,  whether  owing 
to  the  various  states  of  contraction  in  which  they  die,  or  to  the 
mode  in  which  they  are  afterwards  preserved.  Thus  similar  living 
specimens  may  be  killed  and  preserved  so  that  one  will  have 
slender  tapering  rays;  another,  rays  smaller  in  the  middle  and 
constricted  at  base ;  another,  rays  swollen  at  base  and  pointed  at 
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tip;  some  will  die  with  swollen  disk;  others  with  contracted  disk; 
some  will  have  the  rays  collapsed  and  flattened ;  others  will  have 
them  round  and  plump,  or  angular;  some  will  have  the  spines 
erect ;  others,  more  imperfectly  preserved,  will  have  them  flattened 
down  and  more  or  less  detached.  Moreover,  the  plates  in  some 
will  be  so  closely  drawn  together  by  the  contraction  of  the 
muscles  of  the  skin  as  to  give  them  a  rigid  character,  while  others, 
perfectly  identical,  if  they  die  in  a  relaxed  or  inflated  condition 
will  have  the  plates  separated  by  the  looser  integuments  so  as  to 
give  them  an  openly  reticulated  appearance,  with  wider  naked 
spaces  between  the  plates.  Hence  all  such  characters  should  be 
used  with  great  caution. 

It  is,  therefore,  evident  that  any  naturalist  who  would  correctly 
limit  the  species  in  this  group  should  at  least  have  a  very  large 
number  of  specimens  preserved,  as  well  as  possible,  in  various  ways, 
and  still  better,  when  possible,  he  should  collect  large  numbers  of  the 
living  specimens  and  after  studying  them  in  life  and  making  notes 
upon  them  he  should  preserve,  and  afterwards  compare  thera  with 
his  notes.  In  this  diflicnlt  group  there  are  probably  no  species 
more  variable  and  perplexing  than  those  forms  allied  to  Asterias 
rubens  of  Europe,  and  A.  vtdgaris  and  A.  Forheaii^  the  common 
New  England  species.  And  yet  in  this  very  group  M.  Perrier 
attempts  to  decide  the  specific  characters  of  our  species,  and  to 
correct  their  synonymy  after  an  examination  of  very  few  (some- 
times only  one),  and  often  very  badly  preserved  dry  specimens 
(A,  paUidus),  And  in  doing  this  he  rehes  on  characters  that  are 
notoriously  variable,  and  even  upon  those  accidental  features  due 
to  modes  of  preservation,  as  stated  above. 

As  M.  Perrier  particularly  refers  (pp.  354-7)  to  my  own  views 
in  regard  to  our  native  species,  as  expressed  in  several  former 
papers,*  and  seems  to  think  it  strange  that  my  conclusions  in  1873 
differed  slightly  from  those  held  in  1866,  I  may  be  pardoned 
for  stating  that  during  the  ten  years  that  have  elapsed  since  my 
first  paper  on  the  subject  was  published,  these  starfishes  have  been 
collected,  studied,  and  preserved  by  me  in  very  great  numbers, 
and  from  hundreds  of  localities,  during  the  various  dredging  expe- 
ditions that  I  have  undertaken  along  our  coast,  some  of  which 
have  been  noticed  in  former  volumes  of  this  Journal.  Therefore, 
having  carefully  examined  many  hundreds  of  specimens,  in  all 
conditions,  and  having  tJiken  ten  years  to  consider  the  mat- 
ter and  to  discuss  it  with  others,  I  feel  perfectly  confident  that 
M.  Perrier  has  made  at  least  five  American  "species"  out  of 
specimens  that  actually  represent  but  two.  These  errors  would 
have  been  more  excusable  had  they  not  been  made  subsequently  to 
my  revision  of  the  synonymy,  for  he  might  have  supposed  that  ray 
materials  were  far  more  ample  than  his  own.  The  tacts  are  as 
foUows:  Upon  the  coast  of  New  England  there  are,  as  yet  known, 

♦  Proceedings  Boston  Society  of  Natural  History,  vol.  x,  p.  333,  1866;  Re- 
port on  the  InTertebrata  of  Southern  New  England,  Report  of  U.  S.  Commission 
of  Fish  and  Fisheries,  Part  I,  1873  (published  March,  1874). 
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but  three  species  of  AsteriaSj  belonging  to  the  littoral  zone  and 
shallow  waters,  though  two  or  three  other  smaller  species  (JLepta^ 
terias)  occur  in  deep  water.*  One  of  the  shore  species,  A.  liUoralu 
(Stimpson),  is  a  small  species,  rarely  six  inches  in  diameter,  (be- 
longing to  the  group,  Leptasterias)  found  in  the  Bay  of  Fundy 
and  northward  to  the  Gulf  of  St.  Lawrence,  both  between  tides 
and  in  deep  water,  and  although  variable  in  form,  size,  color,  etc.,  it 
has  not  yet  led  to  much  confusicm.  The  two  others  are  large  and 
very  common  species — one  southern  and  the  other  northern — but 
with  their  respective  areas  overlapping  on  the  New  England  coast 
One  of  these,  A.  Forbesii  (Desor),  extends  from  t£e  Gulf  of 
Mexico,  to  Casco  Bay,  Maine,  and  is  the  most  common  species  on 
the  southern  coast  of  New  £ngland.  The  other,  A,  vulgarU 
(Stimp.),  extends  from  Labrador  (and  probablv  farther  north)  to 
LiOng  Island  Sound,  where  it  becomes  rare ;  it  is  the  most  com- 
mon species  north  of  Cape  Cod,  and  is  very  abundant  on  the  coast 
of  Mame  and  northward.  Both  species  vary  extremely  in  size, 
form,  and  color,  even  when  living,  and  still  more  so  when  pre- 
served by  drying.  The  color  of  the  faded  dry  specimen,  which 
M.  Perrier  mentions  as  distinguishing  "^4.  Fabricii'*'*  from  "^4. 
berylinus"  is  a  perfectly  worthless  character,  yet  when  living  our 
two  species  can  usually  (but  not  always)  be  distinguished  by  the 
colors,  for  A,  Forbesii  {berylinus)  is  generally  greenish,  varying 
to  orange  and  brown,  with  a  bright  orange  madreporic  plate; 
while  A.  vulgaris  is  usually  reddish,  purplisn,  or  violet,  varying 
to  yellow  and  brown,  but  with  a  pale  buff  or  cream-colored  mad- 
reporic plate.  Moreover,  the  colors  and  foims  of  each  vary  accord- 
ing to  the  sex,  and  the  form  varies  according  to  the  season,  st>ate 
of  the  ovaries,  age,  dilation  with  water,  etc.  The  forms  of  the 
major  pedicellaria),t  and  of  the  adambulacral  (or  interambulacral) 
spines  give  the  most  available  characters  for  distinguishing  the 
two  species  under  all  circumstances,  though  the  firmer  skeleton  of 
A.  Forbesii  is  also  an  important  and  characteristic  feature. 

In  A.   Forbesii  the  major  pedicellarice  are  shorty  ovate,  blunt- 
pointed,  hardlt/  longer  than  broad/  the  adambulacral  spines 
are  stout,   obtuse,  and  in  most  cases  many  are  more  or  less 
flattened,  and  grooved  externally,  at  tip. 

*  It  is  proper  that  I  should  state  that  I  have  become  satisfied  that  the  spedes 
described  by  me  as  A.  Stimpsoni,  in  1866,  was  not  well  founded  The  study  of  a 
far  more  extensive  series  of  specimens  has  shown  that  the  specimens  thus  named 
were  somewhat  peculiar  small  specimens  of  A.  vulgaris  (Stimp.).  with  which  some 
young  specimens  of  A.  littaralis  were  also  confounded,  so  that  the  characters 
given  largely  appertain  to  the  young  of  A.  vulgaris.  It  is  probable  that  most  of 
the  specimens  formerly  distributed  as  A.  Stimpsoni^  were  young  of  A.  vtUgariSj 
and  such  may  have  been  those  that  M.  Perrier  says  he  has  examined,  though  he 
considers  it  a  good  species. 

J  Dr.  Stimpson,  in  1862,  (Proc.  Boston  Soc.  Nat.  Hist,  vol.  viii,  p.  262,  note) 
ed  special  attention  to  the  two  peculiar  iorms  of  pedicellarise,  characteristic  of  this 
family,  and  to  their  importance  in  distinguishing  the  species.  He  termed  the 
larger  sessile  ones,  whether  scattered  over  the  surface  or  attached  to  the  ventral 
spines,  ^^ major  pediceUa/rioR,"  and  the  small  pedunculate  ones,  borne  in  dusters  on 
the  spines,  "  minor  pedicellaricR."  In  1864-70  M.  Perrier  called  the  former,  ^^p^tU- 
oeUaires  droita^^^  and  the  latter  ^* pSdiceUaires  croisSs." 
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In  A.  vulgaris  the  major  pedicellarioi  are  lanceolate^  sharp- 
pointed^  much  longer  than  broad ;  the  adambtUacral  spines  are 
longer^  more  pointed^  and  sddom  Jlattened, 

The  dorsal  spines  are  variable  in  form  and  number  in  both 
species,  bat  are  usually  more  acute  in  the  latter,  thongh  blunt  and 
even  clavate  spines  often  occur  on  both  species.  The  number  of 
minor  pedicellarise  on  the  spines,  and  of  major  ones  on  the  back 
and  also  on  the  adarabulacral  spines,  is  extremely  variable  in  both 
species.  Yet  these  are  the  characters  mainly  relied  upon  by  M. 
I'errier  for  distinguishing  his  supposed  species.  Three  of  the 
"  species  "  recognized  by  him  are  evidently  mere  forms  of  A.  vul- 
garis. These  are  A,  tabricii  (Agassiz,  >iSS.),  based  on  one  dry 
specimen  from  Laborador;  A.  paUidus  (Agassiz,  MSS.)  based 
mainly  on  six  small  dry  specimens,  sent,  like  the  preceding,  from 
the  Museum  of  Comparative  Zoology  in  1864,  and  in  a  very  bad 
state  of  preservation,  the  spines  being  mostly  detached  by  partial 
decomposition  during  the  drying  of  the  specimen  (which  has 
misled  M.  Perrier,  who  imagined  that  they  had  been  moveably 
articulated) ;  and  two  large  specimens  that  he  refers  to  A,  vti- 
gariSy  one  from  Beverly,  Mass.,  and  one  in  the  British  Museum. 
The  latter  was  probably  sent  by  Dr.  Stimpson,  who  commonly 
used  labels  marked  ^*  Exploration  of  the  East  Coast  of  the  United 
States"  (not  "  west "  coast,  as  M.  Perrier  gives  the  label),  for  his 
New  England  collections.  I  had  given  "  A.  JFhbriciij'^  after  ex- 
amining original  specimens,  as  a  synonym  of  A.  vulgaris  in  my 
paper  of  1866-;  and  gave  "  A,  paUidus'*'*  as  an  undoubted  synonym 
in  my  Report  of  1873-4.  All  the  characters  given  by  M.  Perrier 
as  distinctive  are  variable  and  partly  accidental  features  that  can 
be  found,  with  all  intermediate  states,  in  any  considerable  collec- 
tion of  this  species  from  a  single  locality.  These  manuscript 
names  were  given  by  Prof  L.  Agassiz  before  he  had  made  a  very 
thorough  study  of  the  genus,  but  in  a  conversation,  in  1871,  while 
we  were  dredging  in  company  in  Vineyard  Sound  and  obtaining 
both  species  iii  abundance,  he  fully  agreed  with  me  that  there 
were  only  two  large  species  of  this  group  known  on  our  coast,  and 
he  also  positively  identified  the  numerous  good  specimens  of  A, 
vulgaris  with  his  A.  paUidus ;  and  likewise  the  A,  Forbesii  (or 
arenicola)  with  his  A,  berylinus.  Dr.  Wm.  Stimpson  in  a  conversa- 
tion with  me  not  long  before  his  death,  also  agreed  with  these 
decisions.  Had  M.  Perrier  examined  a  good  series  of  specimens  he 
also  would  surely  have  found  it  impossible  to  have  made  the  use- 
less distinctions  that  he  now  proposes,  based  on  such  very  insufficient 
material  In  my  Report  of  1873-4  I  stated  that  A,  forbesii  and 
A.  arenicola  are  "probably  identical,"  the  differences  noticed 
(mainly  in  form  and  color)  "  being,  perhaps,  chiefly  sexual,"  but 
not  desiring  to  make  premature  changes,  I  left  them  under  the 
two  names,  only  because  I  had  then  no  time  to  determine  whether 
the  differences  are  sexual,  or  properly  varietal,  or  due  to  local  or 
individual  variations.  Subsequent  studies  have  satisfied  me  that 
the  differences  are  mainly  individual  or  casual  and  very  incon- 
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stant,  8o  that  there  is  no  longer  any  reason  for  distm^nishing  the 
two  even  as  Tarieties,  yet  M.  Perrier  not  only  keeps  them  distinct, 
as  two  species,  but  names  another  slight  variation  as  a  distinct 
Tariety  of  A,  arenicoUL 

There  is  now  little  doubt  in  my  mind  that  A,  vtdgaris  will 
prove  to  be  identical  with  A.  violaceua  of  Northern  Europe,  and 
that  the  latter  may  be,  as  many  believe,  a  mere  variety  (or  sexual 
form)  of  A.  rtibenK  But  M.  Perrier  considers  these  distinct  species, 
though  with  some  doubt  as  to  ^.  violaceus. 

That,  in  other  cases,  he  has  admitted,  as  valid  species  of  Asieriaiy 
forms  that  are  scarcely  varietal  is  very  probable,  judging  from 
his  descriptions  alone,  for  the  distinctive  characters  that  he  gives 
are  frequently  those  that  are  most  apt  to  be  variable.  He  has 
described  a  single  dry  Labrador  specimen  of  A.  polaris  (from 
Dr.  Packard's  collection)  as  a  new  species  under  the  name  of  A 
bareaiU,  But  among  a  large  number  of  fresh  specimens  observed 
by  me  at  Anticosti  Island,  there  were  various  ibrms  intermediate 
between  his  specimen  and  what  he  regards  as  the  typical  A. 
polaris  from  Greenland.  Moreover,  the  several  Labrador  speci- 
mens that  I  have  examined,  collected  by  Dr.  Packard  at  the  same 
time  with  the  one  now  described  as  A.  borecUiSy  show  great  varia- 
tions in  the  form  of  the  spines,  length  of  arms,  and  number  of  pedi- 
cellarise, — characters  that  M.  Pemer  regards  as  distinctive  in  this 
case.  Therefore  there  is  good  reason  to  believe  that  his  A.  borealu 
is  only  a  form  of  A,  pokuriSy  to  which  American  zodlogists  have 
hitherto  referred  it. 

Throughout  the  paper  there  are  numerous  typographical  errors, 
many  of  them  due  to  imperfect  proof-reading,  but  others  more 
important  are  due  to  careless  references  to  the  papers  of  other 
writers,  especially  those  in  English.  "  Contributions  to  the 
Zooloficy  of  Yale  College  "  is  scarcely  a  legitimate  substitute  for 
the  "  Contributions  to  Zoology  from  t ne  Museum  of  Yale  College  " 
published  in  this  Journal.     The  locality,  Eastport,  Maine,  is  once 

?7ven  as  ''  East  Port  (Massachusetts,)"  and  once  as  "  East  Port, 
Canada.)" 
In  one  respect  the  nomenclature  adopted,  in  some  cases,  by  M. 
Perrier  is  very  objectionable,  for  he  attempts  to  restore  some  of 
the  aute-Linnsean  "  names"  of  species  used  in  1733  by  Linck,  who 
was  not,  in  any  sense,  a  binomial  writer,  and  whose  polynomial 
(or  accidentally  binomial)  phrases  can  have  no  claim  to  priority, 
as  specific  names,  under  the  binomial  systeuL 

6.  HiJBckeVa  theory  (AUceogenesis)  of  the  genetic  connection  be- 
tween the  GeryonidoB  and  ^ginidce. — In  the  Proceedings  of  the 
Elliot  Society  for  1857,  McCrady  gave  a  very  interesting  account 
of  the  commensalism  of  the  young  brood  of  a  Cunina  and  of  Tu^ 
ritopsis.  No  notice  was  taken  of  this  remarkable  mode  of  devel- 
opment, McCrady's  observations  having  been  discredited  by  the 
later  publication  (1865)  of  a  magnificently  illustrated  memoir  on 
the  "  Rtlssel-quallen  "  by  HseckeL  The  startling  hypothesis  of  the 
genetic  connection  between  the  Geryonidse  and  j£gmidse  contained 
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in  this  memoir  and  called  by  HaBckel  alloeogenesis,  has  been  ever 
since  a  stumbling  block  to  all  theories  of  genetic  relationship 
among  MedosaB. 

Two  short  papers  recently  published,  the  one  by  Schulze  (Nat. 
Wiss.  Ver.  f.  Steiermark,  1876,  p.  126),  and  the  other  by  Uljauin 
(Archiv  £  Naturg.,  1876,  p.  333),  have,  however,  proved  conclu- 
siyely  that  Hseckel's  theory,  like  many  other  of  his  vagaries,  had 
no  foundation  of  truth.  It  was  based  not  merely  on  an  incorrect 
interpretation  of  facts,  but  the  facts  themselves  existed  only  in  his 
imagination. 

As,  perhaps,  with  the  exception  of  his  monograph  of  the  Radi- 
olaria,  no  other  memoir  has  contributed  more  than  the  one  above 
quoted  to  give  Hseckel  the  position  he  holds  among  zo5logists, 
we  may  be  allowed  to  remind  the  Hseckelian  school  of  naturalists 
that  this  same  genetic  connection  has  furnished  the  text  for  many 
a  sermon  from  their  high  priest.  Infallible  himself,  he  has  been 
unsparing  in  his  condemnation  of  the  ignorance  and  shallowness 
of  his  opponents.  Proved  now  to  be  in  the  wrong,  we  expect 
therefore  justice  without  mercy  from  this  stem  scientific  critic,  and 
look  forward  in  the  next  number  of  the  Jenaische  Zeitschrift  for 
a  thorough  castigation  of  Hseckel  by  Hseckel,  showing  up  the  ab- 
surdity of  alloeogenesis  and  all  that  hangs  thereby. 

ALEXANDER   AGASBIZ. 

6.  Animai  Parasites  and  Messmates  ;  by  P.  J.  Van  Beneden. 
274  pp.  12mo,  with  83  illustrations.  1876.  New  York.  (D.  Ap- 
pleton  <fc  Co.)  The  International  Scientific  Series. — ^The  author 
of  this  work  is  an  able  Belgian  zoologist,  well  versed  in  the  sub- 
ject of  which  he  writes.  The  subject  is  treated  in  a  popular  style, 
and  cannot  fail  to  interest.  The  facts  presented  are  some  of  the 
strangest  that  have  been  brought  to  light  by  recent  investigations, 
and  not  the  least  marvelous  are  those  relating  to  man's  parasites. 

7.  The  Journal  of  Anatomy  and  Physiology^  conducted  by 
G.  M.  HuMPHBEY,  M.D.,  F.R.S.,  Prof.  Anat.  Cambridge,  Wm. 
Turner,  M.B.,  Prof  Anat.  Edinburgh,  M.  Foster,  M.D.,  F.R.S., 
Pr»lector  PhysioL,  Cambridge,  and  Wm.  Rutherford,  M.D.,  Prof 
Inst.  Med.  Edinburgh.  January,  1876,  voL  x;  part  II,  pp.  223- 
468,  with  8  plates.  Cambridge  and  London.  (MacMillan  &  Co.) — 
The  tenth  volume  of  this  able  scientific  quarterly  commenced  in 
October.  The  January  number,  recently  issued,  contains  the  fol- 
lowing papers :  On  the  anatomy  of  the  lens,  by  Dr.  Thin  and  J. 
C.  Ewart  (pi.  ix);  anatomy  of  the  Lineidse  (Nemerteans),  by  Dr. 
Mcintosh  (pi.  x-xiii) ;  experiments  on  the  biliary  secretion  of 
the  dog,  by  Dr.  Rutherford  and  M.  Vignal ;  the  transformations 
of  the  pulse-wave  in  the  diff*erent  arteries,  by  Dr.  Galabin  (pi.  xiv); 
on  the  broncho-oesophageal  and  pleuro-OBSophageal  muscles,  by  Dr. 
Cunningham ;  the  summation  of  electrical  stimuli  applied  to  the 
skin,  by  Dr.  Stirling ;  development  of  Elasmobranch  fishes,  by 
F.  M.  Balfour  (pi.  xv,  xvi) ;  craniofacial  apparatus  of  Pteromyzon, 
by  Prof.  Huxley   (pi.  xvii,  xvii) ;  secondary  arches  of  the   foot. 

Am.  Joub.  8oi.— Thibd  Sbribs,  Vol.  XI,  No.  65.— Mat,  1876. 

Oft 
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by  S.  M.  Bradley  ;  note  on  the  placental  area  in  the  cat's  uteruB 
arter  delivery,  by  Prof.  Turner ;  notices  of  books ;  report  on  the 
progress  of  anatomy,  by  Prof.  Turner  and  D.  J.  Cunningham,  M.B. 
8.  Bulletin  No.  2,  of  the  U.  S.  Geological  Survey  of  the  Terri- 
tories, contains  two  papers  by  R.  Ridgway ,  entitled  Studies  of  the 
American  Falconidse,  and  Ornithology  of  Guadeloupe  Island,  illus- 
trated by  two  plates. 

ni.  Astronomy. 

1.  Observations  of  the  planet  Jupiter. — ^The  Royal  Astronom- 
ical Society  of  London  have  appointed  a  committee  whose  object 
shall  be  to  endeavor  to  enlist  observers  in  making  drawings  of  the 
appearance  of  the  planet  Jupiter,  and  to  obtain  as  extensive  a  series 
as  possible  of  sucn  drawings.  The  committee  has  issued  a  cir- 
cular, and  prepared,  for  the  sake  of  uniformity  and  convenience, 
blank  forms  upon  which  the  drawings  can  be  made.  Drawings 
and  communications  should  be  sent  to  the  '^  Secretary  of  tne 
Jupiter  Committee,"  Royal  Astronomical  Society,  Burlington 
House,  London,  W. 

2.  jRepertory  of  works  in  Pure  and  Mixed  Mathematics, — Doc- 
tors KcBNiGSBERGEB  and  ZsuNEB  of  Dresden,  propose  to  collect, 
as  far  as  possible,  and  publish  '^  longer  or  shorter  detailed  reports 
written  by  the  authors  themselves  upon  their  own  books  and 
treatises  "  in  the  mathematics.  The  reports  will  comprise  articles  on 
the  entire  field  of  mathematical  research  :  Pure  mathematics,  and 
all  the  collateral  branches  of  the  mixed  science,  such  as :  astron- 
omy and  geodesv,  mathematical  physics,  analytical  and  technical 
mathematics,  all  mathematical  oranches  of  engineering,  mathe- 
matical statistics,  etc. ;  besides  which  the  editors  intend  to  have 
the  reports  printed  in  the  language  in  which  they  are  sent  to 
them  by  the  author,  taking  it  for  granted  that  such  reports  in 
German,  English,  French,  or  Italian  will  be  intelligible  to  scien- 
tific men  of  all  countries. 

They  propose  to  begiu  with  reports  on  all  books  and  memoirs 
which  have  appeared  since  Jan.  Ist,  1876.  The  "Repertory" 
will  at  first  be  issued  in  numbers,  at  irregular  intervals,    h.  a.  n. 

IV.   Miscellaneous  Scientific  Intelligence. 

1.  The  American  Cyclopoedia,  Vol.  xv.  SHO-TRO.  D.  Ap- 
pleton  &  Co.,  New  York.  1876. — The  first  volume  of  this  edition 
of  Appleton  appeared  in  July,  1873.  One  volume  more  will  com- 
plete the  work,  making  in  the  aggregate  nearly  16,000  pages  of 
text.  Among  the  articles  in  the  fifteenth  volume  interesting  to 
scientific  readers  we  note  particularly  steely  by  Dr.  Droun ;  silver^ 
by  Dr.  Raymond ;  sotind^  spectrum  and  stereoscope^  by  Professor 
Mayer ;  sua^  by  Professor  Langley ;  tldeSy  by  Mr.  Hilgard ; 
snow^  storms  and  trade-winds^  by  Cleveland  Abbe ;  telegraphy  by 
Professor  Levering ;  steam,  steam-boiler,  carriage,  engine  and  navi- 
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gation,  and  strength  of  materials,  by  Professor  Thurston:  Nu- 
merous astronomical  articles  are  furnished  by  R.  A.  Proctor,  of 
London :  e.  g.  spectrum  analysis,  sun  (in  part),  <fec.  The  medical 
and  physiological  articles  are  mainly  by  Dr.  J.  C.  Dalton,  while 
other  well-known  names  add  authority  to  the  contents  of  this  vol- 
ume. We  have  in  former  notices  called  attention  to  the  large 
amount  of  special  work  pertbrmed  for  this  edition  of  Appleton's 
Cyclopedia  by  men  of  acknowledged  abilityand  original  research 
in  the  departments  of  which  they  treat.  The  foregoing  list  is  in 
evidence  that  this  character  is  fully  maintained.  The  maps  and 
wood-cuts  are  numerous  and  excellent  in  quality.  b.  s. 

2.  AnnucUJReport  of  the  Light-House  JBoardto  the  Secretary  of 
the  TrecLsury  for  the  year  1876.  136  pp.  8vo.  Washington, 
1875. — The  executive  members  of  the  Light-House  Board  are  Pro- 
fessor Henry,  Commander  J.  G.  Walker,  XJ.  S.  N.,  Naval  Secre- 
tary, and  Major  P.  C.  Hains,  Engineer  Secretary.  The  report  for 
1875  contains  ^^  an  Account  of  the  investigations  of  the  Light- 
House  Board  relative  to  illuminating  materials,  by  the  Chairman 
of  the  Committee  on  Experiments."  Lard-oil  had  been  in  former 
experiments  found  to  be  the  best  illuminating  oil;  and  this  conclu- 
sion is  sustained  as  regards  the  large  lamps  by  new  comparisons  of 
lard  oil  with  the  best  mineral  oil,  though  not  as  regards  the  smaller. 
On  account  of  the  increased  expense  of  lard  oil,  the  mineral  oil 
will  hereafter  be  introduced.  There  is  also  another  of  Professor 
Henry^s  valuable  papers  containing  the  '*  Investigations  of  the 
Board  relative  to  sound  in  its  applications  to  fog-signals,"  made 
under  his  Direction  in  1875. 

3.  Meter-Diagram, — Messrs.  A.  &  T.  W.  Stanley,  of  New  Brit- 
ain, Conn.,  well  known  as  makers  of  accurate  measures  of  length, 
levels,  etc.,  have  lately  prepared  a  neat  meter-diagram,  printed  on 
heavy  paper  faced  with  linen,  with  the  scales  and  tables  on  both 
sides,  ana  4^  inches  wide.  It  gives  in  a  complete  manner  the  en- 
tire metric  system,  with  the  relations  of  feet  and  inches  to  the 
meter  and  its  subdivisions,  and  in  the  appended  tables  the  equiva- 
lents in  denominations  in  use,  with  rules  for  conversion.  Professor 
Newton  says  of  it :  "I  know  of  no  easier  way  by  which  anyone  de- 
sirous of  learning  the  system  can  do  it,  than  by  studying  this 
scale,  and  keeping  it  in  a  place  where  he  will  frequently  see  it." 
It  is  put  up  in  a  paper  case,  and  sold  at  the  moderate  price  of 
three  dollars  per  dozen,  for  use  in  schools,  etc. 

Handbook  of  Architectural  Styles.  Translated  from  the  German  of  A.  Rosen - 
garten  by  W.  Collett  Sandars.  502  pp.  8vo,  with  639  illustrations.  1876.  New 
York.  (D.  Appleton  &  Co.) — An  excellent,  and  profusely  illustrated  work. 

A  Short  History  of  Natural  Science  and  of  the  Progress  of  Discovery  from  the 
time  of  the  Greeks  to  the  Present  Day,  for  the  use  of  Schools  and  Young  Persons; 
by  Arabella  B.  Buckley.  488  pp.  12mo,  with  illustrations.  1876.  New  York. 
(D.  Appleton  A  Co.) — An  instructive  work. 

Physics  of  the  Ether.  By  S.  Tolver  Preston.  London.  (B.  and  P.  N.  Spon.) 
1876.    8vo,  pp.  136. 

Geological  Survey  of  Pennsylvania.  Report  of  Progress  in  the  Clearfield  and 
Jefferson  District  of  the  Bituminous  Coal-field,  by  F.  Piatt,  296  pp.  8vo,  with 
maps  and  sections. 
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OBITUABT. 


A.  R.  Makvinb. — Mr.- Archibald  R.  Marvine,  the  geologist,  died 
in  WashingtOD,  March  2d,  1876.  He  was  bom  at  Auburn,  N.  Y., 
Sept.  26,  1848,  and  while  a  youth  attended  the  military  school  at 
Sing  Sing,  and  subsequently  the  School  of  Technology  at  Phila- 
delphia. He  then  entered  the  Hooper  Mining  School  of  Harvard 
University,  from  which  he  graduated  in  1870,  when  he  was  appoin- 
ted instructor  in  the  same  school,  a  position  which  he  held  until 
July,  1 871.  He  was  one  of  the  students  who  went  with  Professor 
Whitney,  to  make  practical  studies  in  geology  and  geography  in 
the  Park  Mountains  of  Colorado,  in  1869. 

In  the  summer  of  1870,  Mr.  Marvine  was  appointed  assistant- 
geologist  to  attend  the  celebrated  Santo  DominTO  Expedition,  and 
on  his  return  he  prepared  a  brief  report  on  the  geology  of  the 
island,  which  was  published,  with  the  other  reports  relating  to 
Santo  Domingo  affairs,  by  order  of  Congress. 

In  July,  1871,  he  received  the  appointment  of  astronomer  to 
the  Wheeler  Expedition,  in  which  capacity  he  served  several 
months,  while  that  work  was  in  progress,  and  then  continued  as 
a  member  of  the  Expedition  in  the  capacity  of  geologist.  His  re- 
port on  the  geology  of  a  district  of  country  through  which  he 
passed,  embraced  in  southern  Nevada,  northwestern  Arizona,  and 
southern  California,  has  lately  been  published  by  authority  of 
Congress. 

His  next  geological  work  was  in  the  Keweenaw  copper  region 
on  the  shore  of  Lake  Superior,  under  the  direction  of  Professor 
Pumpelly,  and  bis  report  was  published  by  authority  of  the  legis- 
lature of  Michigan. 

In  March,  1873,  he  was  given  a  position  as  geologist  in  the  corps 
of  the  U.  8.  Geological  and  Geographical  Survey  of  the  Territo- 
ries under  Dr.  Hayden.  In  this  capacity  he  made  a  careful  survey 
of  a  region  embracing  Middle  Park  and  extending  eastward  across 
the  Front  Han^e  to  the  foot  hills.  His  published  report  on  this 
work  gives  evidence  of  thorough  preparation,  great  labor  and 
much  skill,  in  the  collection  of  material,  and  ability  in  its  use. 
After  preparing  his  report  on  the  Middle  Park  district,  he  re- 
turned to  Colorado  Territorv  for  the  purpose  of  extending  his  in- 
vestigations into  a  region  of  country  west  of  Middle  Park  on  the 
headwaters  of  the  Grand,  White,  and  Yampa  rivers,  and  entered  into 
his  labors  with  great  vigor  and  enthusiasm.  But  a  long  summer  of 
toil  and  privation  in  that  wilderness  of  canons,  crags,  and  peaks, 
undermined  his  health,  and  shortly  after  his  return,  early  m  the 
winter  of  1874-5,  he  was  prostrated  with  an  attack  of  rheumatic 
meningitis  from  which,  afler  many  weeks  of  suffering,  he  partially 
recovered,  but  was  not  again  able  to  resume  his  work,  and  early 
in  December  last  he  relapsed  into  a  condition  that  was  soon  found 
to  be  hopeless. 

Mr.  Marvine  leaves  behind  a  large  circle  of  friends,  among  the 
working  scientists  of  the  country,  who  had  learned  to  expect  great 
and  valuable  results  from  his  researches.  g.  k.  g. 
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Abt.  LIIL — On  some  Characters  of  the  genus  Coryphodon  Owen  ; 

bj  O.  C.  Marsh. 

The  lower  Eocene  deposits  of  Englaod  and  France  have 
yielded  a  few  remains  of  an  interesting  genus  of  ungulate 
mammals  to  which  Owen,  in  1846,  gave  the  name  Coryphodon.* 
Hubert  subsequently  published  a  memoir  on  the  subject,  in 
which  he  figured  and  described  the  more  important  specimens 
found  in  Franccf  Although  comparatively  little  is  yet  known 
in  Europe  of  the  structure  or  near  affinities  of  these  animals,  the 
portions  preserved  are  characteristic,  and  the  genus  is  well 
marked.  The  geological  horizon,  also,  is  fully  determined, 
viz :  the  London  clay  of  England,  and,  in  France,  the  base  of 
the  Argtk  pktstique. 

While  in  Wvoming  with  the  Yale  College  exploring  party 
in  1871,  the  wnter  had  his  attention  called  to  a  deposit  at  the 
base  of  the  Eocene  containing  mammalian  remains,  and  subse- 
quently obtained  a  number  of  the  fossils,  mainly  through  the 
kindness  of  Wm.  Cleburne,  Esq.,  who  sent  other  specimens  to 
the  Academy  of  Natural  Sciences  in  Philadelphia.  Some  of  the 
latter  fossils  were  described  by  Prol  Cope  as  Bathmodon  radians 
and  B.  semicinctus ;  and  in  the  same  paper  another  generic 
name,  Loxohphodon^  was  proposed  for  tne  same  lower  molar 
named  as  the  second  species.^  Since  this  time,  other  similar 
remains  have  been  found  in  Utah  and  New  Mexico,  and  their 
principal  characters  can  now  be  determined. 

An  examination  of  an  interesting  series  of  these  fossils  now 
in  the  Yale  Museum,  including  some  portions  of  the  same  indi- 
viduals described  by  Prof.  Cope,  clearly  shows  that  they  all 
belong  to  the  genus  Coryphodon  of  Owen.  This  is  especially 
important,  as  the  geological  horizon  of  the  remains  is  essentially 
the  same  in  both  countries,  and  the  American  specimens  prom- 
ise to  clear  up  many  doubtful  points  in  regard  to  the  animals 
themselves.  One  of  the  specimens  in  the  Yale  collection  is  a 
nearly    perfect    skull,    representing    an    undescribed    species 

*  British  Fossil  Mammals  and  Birds,  p.  299. 

JAnnales  des  Sciences  Naturelles,  tome  vi,  p.  87,  Plates  III  and  IV,  1856. 
Proceedings  American  Philosophical  Society,  p.  420.     1872. 
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which  may  be  called  Caryphodon  hamatus.  It  indicates  an  ani- 
mal somewhat  larger  than  a  tapir.  The  more  important  char- 
acters derived  fix>m  an  examination  of  this  craniam,  and  some 
other  remains  of  the  same  genus,  are  as  follows : 

The  skull  is  elongated,  the  facial  portion  being  most  pro- 
duced. A  basal  line  extending  from  the  lower  margin  of  the 
foramen  magnum  alons  the  palate  to  the  end  of  the  premax- 
illaries  is  nearly  straight  Tne  zygomatic  arches  are  much  ex- 
panded, but  the  malar  is  comparatively  slender,  and  joins  the 
maxillarv  in  front  of  the  orbit  The  latter  is  of  moderate  size, 
and  confluent  with  the  large  temporal  fossa.  The  general  form 
of  the  skull  is  indicated  in  the  cut  given  below,  figure  2.  The 
maxillaries  are  massive,  and  on  the  sides  behind  the  canines 
are  deeply  indented,  giving  a  marked  constriction  to  this  part 
of  the  skulL  The  lachrymal  forms  the  anterior  border  of  the 
orbit,  and  its  foramen  is  inside  the  orbital  mar^n.  The  nasals 
are  quite  slender  in  front,  and  broad  postenorly.  The  pre- 
maxillaries  are  expanded  transversely,  giving  a  wide  anterior 
narial  apertura  Tne  anterior  palatine  foramina  are  small,  (fig- 
ure 2.)  The  posterior  nares  extend  forward  between  the  last 
upper  molars.     The  dental  formula  is  as  follows : 

Incisors---;  canines—;  premolars--;  molars-—;   X2^44. 

3  1  4  8 

The  teeth  agree  in  all  generic  characters  with  those  figured  as 
Coryphodon  by  Owen  and  Hubert  The  occipital  condyles  are 
well  separated,  and  there  is  a  condylar  foramen.  Between  the 
basisphenoid  and  the  periotic,  there  is  a  large  opening,  partially 
due  to  the  divergence  downward  of  the  inner  faces  of  the  lat- 
ter bones.  There  is  a  strong  paroccipital  process,  and  a  post- 
glenoid  process,  which  varies  in  size  in  different  species.  In 
Coryphodon  hamatus^  it  is  long,  and  curved  forward,  and  to  this 
the  specific  name  refers.  The  skull  as  a  whole  presents  strong 
Perissodactyle  characters. 

The  brain  cavity  in  Coryphodon  is  perhaps  the  most  remark- 
able feature  in  the  genus,  and  indicates  that  the  brain  itself 
was  of  a  very  inferior  type.  It  was  quite  small,  as  in  all 
Eocene  mammals,  but  its  most  striking  features  were  the  small 
size  of  the  hemispheres,  and  the  large  expanded  cerebellum. 
The  form  and  relative  size  of  these  are  shown  in  the  accom- 
panying cuts,  figures  1  and  2. 

The  olfactory  lobes  were  large,  and  entirely  in  advance  of  the 
hemispherea  They  were  bounded  in  front  by  a  well  ossified 
cribriform  plate,  and  partially  separated  by  a  vertical  bony  sep- 
tum. The  cerebral  lobes  were  ovate  in  form,  ancl  very  small,  a 
transverse  section  exceeding  but  little  that  of  the  medullar 
opening.    In  shape  and  relative  size,  the  hemispheres  and  olfac- 
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tory  lobes  of  this  genus  are  somewhat  similar  to  those  of  Dinxh 
ceras.  The  cerebellum  was  proportionally  large,  and  widely  ex- 
panded transversely.  Its  peculiar  form  is  shown  in  figure  1, 
which  is  drawn  from  a  cast  of  the  brain-cavity  of  C.  hamatus. 
This  portion  of  the  brain  nearly  or  quite  equaled  the  hemis- 
pheres in  size,  thus  differing  widely  from  any  known  mammal. 
There  is  a  well  marked  pituitary  fossa,  but  no  clinoid  process. 
The  foramina  for  the  exit  of  the  optic  nerves  are  small,  but  for 
the  others  very  large.  The  brain  as  a  whole  was  very  low  in 
grade,  and  precisely  such  as  might  be  expected  in  a  mammal 
firom  the  olaest  tertiary  deposits. 

The  skeleton  of  Ooryphodon  {Bathmodan)  presents  many  fea- 
tures of  interest,  but  only  a  few  can  now  be  mentioned.  The 
limbs  were  comparativly  short,  and  the  femur  has  a  third 
trochanter.  The  feet  are  especially  interesting,  as  they  present 
a  primitive  or  generalized  type.  The  manus  and  pes  had  each 
five  short  digite.* 

The  various  characters  shown  in  the  skull  and  limbs  of  Oory- 
phodon indicate  that  the  animals  of  this  genus  were  essentially 
five-toed  Perissodactyles.  They  evidenfly  represent  a  distinct 
&mily  which  may  be  called  CoTyphodontiaot,  Their  geological 
horizon  in  this  country  is  near  the  base  of  the  Eocene,  in  the 
deposits  named  by  the  Survey  of  the  Fortieth  Parallel,  under 
Clarence  King,  the  Vermillion  Creek  series.  The  remains 
of  the  family  at  present  known  in  this  country  are  fix>m  Utah, 
Wyoming,  and  New  Mexico. 

Yale  CoUege,  New  Haven,  April  15th,  1876. 

*  Prof.  Cope  haa  recently  published  (Catalogue  of  Eocene  Vertebrata  from  New 
Meidco,  p.  28,  1876),  a  figure  of  the  *'  Hind  foot  of  Bathmodon,''  which  is  incorrect 
in  several  respects,  t^e  ludlux,  for  example,  having  (hree  phalanges  I 
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Abt.  JJY.—Kote  on  the  Dupjiciiy  of  the  "1474"  line  in  the 
Solar  Spectrum ;  by  jProfessor  C.  A.  YouNG. 

The  line  "  1474  "  is  the  one  which  is  reversed  in  the  spectrum 
of  the  Solar  Corona,  and  coincides  with  one  of  the  short  lines 
in  the  spectrum  of  iron.  In  the  iron  spectrum  it  is  brought 
out,  however,  only  by  the  Leyden  jar  spark,  and  not  by  the 
electric  arc  between  carbon  points.  As  seen  in  the  solar  spec- 
trum, with  ordinary,  or  even  very  powerful,  spectroscopes,  it 
appears  like  a  fine,  hard,  black  lina 

In  examining  this  portion  of  the  spectrum  recently  with  a 
diffraction  spectroscope,  armed  with  a  silvered  glass  "gitter- 
platte  '*  of  8640  lines  to  the  inch,  for  which  I  am  indebted  to 
the  kindness  of  Mr.  Butherfurd,  I  find  this  line  to  be  unmistak- 
ably double ;  the  two  components  are  separated  by  a  distance 

of  only  about  |  of  a  division  of  Angstrom's  scale,  i.  e.  about 
yV  of  the  distance  of  the  D  lines.  The  more  refrangible  com- 
ponent is  heavier  than  the  other  and  slightly  winged  or  hazy  at 
the  edges,  while  the  other  is  narrower  and  better  defined.  The 
more  refrangible  line  is  undoubtedly  the  real  corona  line,  and 
the  other  belongs  to  the  spectrum  of  iron,  the  close  coincidence 
being  merely  accidental. 

As  long  ago  as  1870  I  suspected  the  bright  1474,  as  seen  on 
the  limb  of  the  sun,  to  be  very  slightly  more  refrangible  than 
its  dark  analogue  (the  position  of  which  with  insufficient  dis- 
persive power  would  apparently  correspond  to  the  mean  of  the 
two  component^  ;  and  the  suspicion  has  recurred  from  time  to 
time  on  many  occasions  since  then,  while  there  has  not  been 
a  single  instance  in  which  the  bright  line  appeared  to  fall  helow 

AM.  JouE.  ScT.— Third  Sbbixs,  Vol.  XI,  No.  6(J.— Jufb,  1878. 
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the  dark  one.  Still  there  has  never  seemed  to  be  sufficient  er- 
idence  to  warrant  a  positive  assertion.  Examination  with  a 
speculum  metal  "  gittetplatte  "  of  6480  lines  to  the  inch,  some 
two  vears  ago,  soggested  the  idea  that  the  dark  line  might  be 
closely  doable,  but  the  definition  of  the  grating  was  not  suffi- 
ciently good  to  decide  the  queetion.  With  the  new  one,  how- 
ever, there  remains  no  doubt  Another  grating  with  17280 
lines  to  the  inch,  which  is  temporarily  in  my  poesession,  shows 
it  nearly,  though  not  quite  as  well 

The  accompanying  map  of  this  r^ion  of  the  spectrum  gives 
a  good  idea  of  the  appearance  of  things,  and  the  amoont  of  dis- 
persive power  obtained.  The  scale  numbers  at  the  top  are 
those  of  Angstrom,  those  at  the  bottom  are  CirchofT's. 
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The  observations  are  best  made  in  the  spectrum  of  the  8th 
order  (with  the  coarser  grating — in  the  spectrum  of  the  6th  or- 
der with  the  grating  of  17280  lines  to  tne  inch)  although  the 
duplicity  of  the  line  is  clearly  visible  in  the  spectra  of  the  6th, 
7th,  and  9th  order,  with  proper  precaations.  The  arrangement 
employed  is  that  indicated  in  fig.  2.    C  is  the  collimator,  the 


beam  of  l^ht,  thrown  into  the  room  by  a  heliostat,  being  con- 
centrated by  the  lena  L  which  forms  an  image  of  the  sun  on  the 
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slit  G  is  the  ''gitterplatte."  P  is  a  prism  of  45°,  with  its  re- 
fracting edge  horizontal,  and  so  plac^  as  to  bend  upward  the 
pencil  of  rays  from  G.  T  is  the  observing  telescope,  with  the 
eye  end  elevated  at  an  angle  of  about  36°  so  as  to  receive  the 
rays  from  G  after  they  pass  the  prism. 

The  spectra  of  the  nigher  orders  so  overlap,  that  without  the 
prism,  orsome  analogous  contrivance,  it  is  impossible  to  observe 
in  them  any  but  a  few  of  the  strongest  lines.  By  the  prism 
these  spectra  are  separated,  one  lying  above  the  other ;  the  red 
of  the  6th  order,  for  instance,  falling  below  the  yellow  of  the  7th, 
and  this  underneath  the  green  of  the  8th,  while  above  this 
green  lies  the  blue  of  the  9th  order,  and  above  that  the  extreme 
violet  of  the  10th.  Thus  the  different  spectra  no  longer  inter- 
fere, and  it  is  just  as  easy  to  observe  the  spectrum  of  the  8th 
order  as  that  of  the  1st,  except  that  the  former  is  fainter  on  ac- 
count of  the  greater  dispersion,  and  the  obliquity  of  the  grating, 
which  narrows  the  transmitted  pencil  A  direct-vision  prism 
in  the  eye-piece  of  the  telescope  answers  the  same  purpose, 
but  less  peilectly.  The  same  plan  may  have  been  usea  before. 
If  so,  however,  I  am  not  aware  of  it 

Hanover,  N.  H.,  April  19,  1876. 


Art.  LV. — Contributions  frtmi  the  Sheffield  Laboratory  of  Yale 
College.  No.  XL. — On  a  Lithia-bearing  variety  of  Biotite;  by 
Georgb  W.  Hawes. 

The  feldspar  quarries  about  Portland  and  Middletown  in 
Connecticut  nave  furnished  many  interesting  minerals.  The 
quarries  are  in  the  large  granitic  veins  which  intersect  the 
gneiss  and  mica  schist  of  the  region.  These  veins,  which  have 
been  described  by  various  authors,  are  remarkable  for  the  simi- 
larity of  their  mineral  constituents,  and  the  presence  in  several 
of  rare  elements,  and  it  will  be  shown  in  this  article  that  a 
lithia-bearing  biotite  is  generally  present  The  feldspar  is  of 
two  kinds,  orthoclase  and  albite ;  considerable  auartz  is  found, 
and  with  the  feldspar  it  often  forms  beautiful  specimens  of 
graphic  granite.  Tourmaline,  beryl,  garnet,  columbite,  musco- 
vite  and  biotite  are  common,  and  other  species  are  found  more 
rarely.  Plates  of  muscovite  and  biotite  united  by  their  edges 
are  of  frequent  occurrence,  and  sometimes  one  forms  the  center 
of  a  large  crystal  or  plate  of  the  other.  The  cleavage  lines  which 
are  developed  by  striking  the  thin  plates  with  a  sharp  point 
show  that  when  the  two  species  are  thus  united,  there  is  a  sim- 
ple relationship  between  the  axes  of  the  muscovite  and  biotite, 
as  long  since  found  by  Prof.  G.  Rose  to  be  a  general  fact  in  the 
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case  of  such  combined  crystals  of  micii.  Some  of  the  specimens 
examined  bj  Rose  came  from  granitic  veins  similar  to  those  of 
Portland  and  Middletown.  The  cleavage  lines  began  in  one 
mica  often  run  some  distance  into  the  other  without  a  change 
of  direction,  proving  the  complete  continuity  of  the  two. 

The  biotite  of  Portland  is  black,  and  possesses  a  hi^h  luster. 
In  thin  plates  it  is  transparent,  clear,  and  brown  bj  trans- 
mitted light  It  is  opticallv  uniaxial  Specific  gravity  2'98. 
When  heated  before  the  blowpipe  it  imparts  to  tne  flame  the 
characteristic  carmine-red  color  of  lithia,  and  it  appears  thus  to 
differ  from  all  the  described  varieties  of  the  species.  It  afibrded 
me,  on  analysis,  the  following  results : 

L  n.  ICean. 

Silica 36-69  86-62  86-61 

Alumina 1 9-99  20*08  20-03 

Ferric  oxide -15  -11  '18 

Ferrous  oxide 21-83  21-86  21-86 

Manganous  oxide 1*19  1-18  1-19 

Magnesia 6-26  6-20  6*23 

Potash 9-61  9-76  9*69 

Soda '49  -66  -62 

Lithia -96  -94  -93 

Titanic  acid 1-46  1-47  1-46 

Fluorine -76  -76  '76 

Chlorine tr.  tr.  tr. 

Water 1*84  1-90  1-87 


99-12  99-43  99-27 

The  ratio  of  the  R  :  ft :  Si  is  1 : 1 :  2 ;  and  the  analysis  hence 
shows  that  the  mica  is  an  iron  biotite,  which  has  lithia  replacing 
part  of  the  potash,  and  which  contains  much  more  ferrous 
oxide  and  less  magnesia  than  is  common.  It  fuses  before  the 
blowpipe  to  a  magnetic  globula  Some  specimens  fuse  with 
greater  difficulty  and  give  little  color  to  the  flame,  indicating 
a  transition  toward  the  more  ordinary  variety.  I  would  call 
attention  to  the  fact  that  the  iron  of  this  mica  oxidizes  with 
great  readiness  both  when  heated  and  when  exposed  to  the 
weather,  and  this  shows  how  easy  it  would  be  to  derive 
lepidomelane  from  it  by  alteration.  This  lithia-biotite  seems 
to  be  widely  distributea  in  granitic  veins.  Specimens  from 
similar  granitic  veins  in  New  Hampshire,  Massachusetts  and 
North  Carolina  were  examined  which  imparted  more  or  less  of 
the  lithia  coloration  to  the  flame,  fused  to  magnetic  globules, 
and  which  possessed  the  same  physical  appearance  and  the 
same  association  as  the  Portland  biotite. 
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Art.  LVI. — Researches  on  the  Solid  Carbon  Com^unds  in  Meteor- 
iUs ;  by  J.  Lawbence  Smith,  Louisville,  Ky. 

[Oonduded  from  page  395.] 

Action  of  strong  nitric  acid  on  the  ffravhite, — Strong  nitric 
acid,  poured  upon  the  powdered  graphite  tnat  had  been  treated 
with  ether  and  bi-sulphide  of  carbon  acted  vigorously  upon  the 
sulphide  of  iron  mixed  with  it  and  after  digestion  for  some 
time  in  the  acid  and  washing  thoroughly  with  water,  there  re- 
mained 55  p.  c.  of  the  ori^nal  matter,  which  consisted  of  car- 
bon. This  burnt  in  air  with  great  diflSculty,  but  very  easily  in 
oxygen,  leaving  a  residue  of  one  per  cent  of  ash. 

The  nitric  acid  solution  was  analyzed  and  found  to  contain 

Sulphur 3506^ 

Iron 62-21 

Cobalt... 0-66 

Magnesia 0'30  ' 

Silica 0-21 


98-52 

It  is  a  fact  of  some  interest  that  in  the  sulnhide  of  iron 
which  occurs  in  meteoric  irons  (when  these  nodules  are  per- 
fectly free  from  any  adhering  iron)  the  quantity  of  nickel  and 
cobalt  present  is  very  minute,  a  most  singular  fiact  if  we  are  to 
r^ard  these  nodules  as  the  result  of  segregations  from  the 
mass  of  iron.  And  still  further,  while  the  nickel  is  very  largly 
the  predominant  metal  of  the  two  in  the  iron,  I  have  noted 
that  the  cobalt  predominates  over  the  nickel  in  the  sulphide 
nodules;  but  I  would  not  without  further  examination  regard 
this  as  likely  to  be  the  rule  in  all  cases. 

Action  of  fuming  nitric  acid  mixed  with  potash  chlorate  on  the 
meteoric  graphite. — The  oxidation  of  graphite  by  this  method 
is  well  known  to  chemists,  it  having  been  first  pointed  out, 
as  I  have  stated,  by  Mr.  Brodie  in  1860,  and  subsequently  by 
Berthelot  in  his  elaborate  memoirs  published  in  the  Annates  de 
Chemie  et  de  Physique,  4th  series,  volumes  xix  and  xxx.  The 
result  is  the  formation  of  a  substance  which  Brodie  called 
graphitic  acid  and  Berthelot  graphitic  oxide,  although  the  com- 
pound invariably  contains  hydrogen  as  an  essential  element  in 
Its  constitution.  M.  Berthelot  made  use  of  this  reaction  to 
study  the  diflferent  forms  of  carbon,  finding  that  the  results  of 
the  oxidation  varied  with  the  carbon  from  different  sources, 
only  those  forms  of  carbon  known  as  graphites  proper  furnish- 
ing the  graphitic  oxide.     The  same  chemist  studied  this  oxid- 
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izing  action  upon  the  graphite  from  the  Cranboume  meteoric 
iron,  and  also  upon  the  carbon  from  the  Orgueil  meteorite,  and 
found  that,  of  the  two,  only  the  graphite  from  the  meteoric  iron 
gave  rise  to  the  oxide. 

The  study  of  this  subject  I  have  pushed  further,  and  have 
oxidized  the  graphites  from  the  Sevier  County  and  the  De 
Kalb  County  meteorites,  and  have  also  re-examined  that  of  the 
Cranboume  iron — having  been  verv  liberally  furnished  with  a 
specimen  by  my  friend,  Pro£  Maskefyne,  of  tne  British  Museum. 
The  carbonaceous  matter  from  the  Orgueil  meteorite  has  also 
been  subjected  by  me  to  the  same  reaction. 

The  details  of  conducting  the  process  were  identically  those 
proposed  by  M.  Berthelot  in  the  memoirs  already  referred  to, 
viz :  To  free  the  powdered  graphite  from  sulphide  of  iron  by 
first  treating  it  with  strong  nitric  acid,  washing  it  thoroughly 
on  a  filter,  drying  it  and  mixing  it  with  five  times  its  weight  of 
potash  chlorate,  then  adding  this  mixture- little  by  little  to  suf- 
ficient fuming  nitric  acid  to  moisten  thoroughly  the  mass.  In 
making  the  mixture,  I  place  the  nitric  acid  in  a  capsule  and 
the  latter  in  a  little  water  with  a  piece  of  ice,  thus  avoiding  anj 
risk  of  explosion.  The  mixture,  after  standing  a  few  hours  is 
transferrea  to  a  ballon  d^assais,  and  gently  heated  in  a  water 
bath  at  a  temperature  from  50°  to  60^  C.  for  several  days.  The 
result  of  this  action  upon  the  graphites  of  the  Sevier  County 
and  DeKalb  County  meteoric  irons  was  the  formation  of  graph- 
itic oxide,  with  all  the  characteristics  of  that  fiimished  to 
Berthelot  by  the  graphite  from  the  Cranboume  iron,  as  well  as 
to  myself  from  this  last  graphite. 

The  conversion  of  the  meteoric  graphite  into  the  oxide  is 
more  rapid  than  that  of  any  terrestrial  graphite  with  which  I 
have  experimented.  The  graphite  soon  changes  from  black  to 
green,  and  finally,  after  two  or  three  applications  of  the  oxid- 
izing agent,  to  a  perfectly  white  substance.  This,  when  fil- 
tered, washed,  and  dried  under  a  bell  glass  with  sulphuric  acid, 
gives  a  yellow  powder,  somewhat  adherent  If  the  oxidizing 
action  of  the  nitric  acid  and  potash  chlorate  be  renewed  several 
times  on  the  same  material,  the  oxide  gradually  diminishes  in 
quantity,  and  if  the  process  be  stopped  after  the  fourth  or  fifth 
treatment,  the  oxide  is  very  gummy,  adhering  to  the  filter  and 
preventing  complete  washing.  When  dried  on  the  filter  it 
adheres  firmly,  but  can  be  detached  by  moistening  the  filter  and 
mbbing  off"  the  paper  with  the  finger,  leaving  tenacious  flaky 
films. 

The  reaction  and  decomposition  of  the  oxide  obtained  from 
the  Sevier  graphite  is  the  same  as  that  of  the  oxide  from  other 
sources. 

My  experiments  on  terrestrial  graphites  have  been  confined 
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to  the  Siberian,  Cumberland,  and  Ceylon  varieties ;  and  thej 
show  that  the  graphite  under  consideration  differs  from  them 
in  being  more  readily  converted  into  oxide,  it  requiring  only 
one-fifth  to  one-third  of  the  time ;  and  if  the  operation  be  con- 
tinued by  frequently  renewing  the  oxidizing  agents,  the  ox^ 
ide  first  formed  graaually  diminishes  in  quantity,  being  more 
thoroughly  altered,  like  some  of  those  forms  of  carbon  ranked 
as  not  properly  graphites. 

In  filet.  It  appears  that  the  meteoric  graphites,  when  tested  by 
this  process,  occupy  a  place  between  graphites  proper  and  ordi- 
naiT  carbon,  but  much  nearer  to  the  graphites. 

After  completing  my  examination  of  the  carbon  nodules  of 
the  irons,  my  aim  was  to  see  what  general  deductions  could 
be  made  with  reference  to  the  relations  this  graphitic  material 
bore  to  the  carbon  found  in  the  black  meteoric  stones.  The 
material  to  operate  with  is,  however,  very  rare ;  but  I  had  in 
my  collection  enough  for  all  necessary  comparisons,  though 
needing  much  more  m  order  to  obtain  the  peculiar  products  in 
sufficient  quantities  for  chemical  analysis. 

The  Alma  meteorite. 

Two  grams  of  this  meteorite  were  pulverized  finely  and 
treated  with  boiling  water,  which  dissolved  out  a  small  amount 
of  matter;  which  substance  has  been  studied  by  others  and 
it  is  not  my  object  to  recur  to  here. 

The  powder  was  then  dried  and  treated  with  pure  ether,  in 
the  same  manner  as  the  graphite  from  the  Sevier  iron,  and  the 
ether  allowed  to  evaporate  slowly  at  a  moderate  temperature, 
when  the  sides  of  the  vessel  became  covered  with  acicular  crys- 
tals, mixed  with  a  few  rhomboidal  ciystala  The  residue  had 
a  peculiar  odor,  similar  to  that  of  the  ether  extract  from  the 
graphite  of  the  Sevier  iron,  which  odor  it  nearly  lost  in  the 
same  way,  after  several  days  exposure  to  the  air.  The  form 
and  appearance  of  the  crystistls  are  the  same  as  of  those  obtained 
fix>m  that  graphite ;  and  a  portion  of  the  crystals  detached  and 
heated  in  a  small  tube  gave  the  same  character  or  reaction. 

These  crystals  have  already  been  studied  by  Prof,  Roscoe,  of 
Manchester,  as  carefully  as  could  be  done  with  the  minute 
quantity  at  his  disposal.  My  examination  is  perfectly  in  ac- 
cordance with  his,  and  there  is  no  doubt  that  this  product  and 
that  fi^om  the  graphite  must  be  of  the  same  nature. 

We  must  not  forget  to  mention  that  Prof.  Wohler  was  the 
first  to  call  attention  to  the  hydrocarbon  in  these  black  meteor- 
ites when  examining  the  one  which  fell  at  Elaba. 

Orgueil  meteoriU. 

This  meteorite  is  one  of  the  most  interesting  of  all  the 
known    carbonaceous    meteorites.      And   there    are    one   or 


486         J.  L.  Smith — Carbon  Compounds  in  MdeorHes. 

two  points  connected  with  it  that  do  not  appropriately  be- 
long to  this  paper,  of  which  I  will  furnish  a  note  oefore  long. 
Through  the  lioerality  of  Prof.  Daubr6e,  and  the  Administra- 
tion of  the  Garden  of  Plants,  I  have  been  furnished  with  the 
material  on  which  mj  investigations  have  been  mada  This 
meteorite  has,  in  most  respects,  been  thoroughly  examined  by 
M.  Cloez,  and  by  M.  Pisani,  and  their  results  given  in  the 
Comptes  Rend  us  for  1864.  The  former  chemist  examined  the 
carbonaceous  matter  as  a  whole,  considering  it  to  resemble 
humus;  and  this  on  drying  at  110^  gave  him:  Carbon 
68-45,  hydrogen  5-98,  oxygen  80-75. 

I  have,  as  yet,  done  little  toward  the  re-examination  of  this 
substance,  which  represents  from  four  to  six  per  cent  of  the  en- 
tire meteorite,  my  examinations  being  made  principally  for 
those  crystalline  products,  soluble  in  ether  and  bisulphide  of 
carbon,  of  which  1  have  found  about  one-half  per  cent  in  the 
meteorite. 

The  powdered  meteorite  was  first  treated  with  water  and 
heated  over  a  water-bath,  and  every  thin^  soluble  in  that  men- 
struum thoroughly  washed  out  I'he  soluble  portion,  dried  at 
100^  C,  represents  8'65  per  cent  of  the  mass.  After  carefully 
drying  the  msoluble  portion  at  100°  C,  it  was  treated  with  ether 
in  the  same  manner  as  the  meteoric  graphite.  The  ether  was 
used  in  large  excess,  and  allowed  to  remain  for  ten  or  twelve 
hours  in  contact  with  the  material ;  the  ether  was  filtered  ofi", 
and  the  residue  on  the  filter  well  washed  with  ether.  The 
etherial  solution  was  evaporated  slowly,  when  the  same  acicu- 
lar  crystals  made  their  appearance  as  in  the  case  of  the  graphite, 
and  numerous  rhomboiaal  crystals  were  deposited  in  the  bot- 
tom of  the  beaker.  These  appeared  to  be  identical  with  those 
fi-om  the  graphite.  The  action  of  heat  on  these  crystals  is 
the  same  as  on  those  from  the  Sevier  graphite. 

The  powdered  meteorite  exhausted  by  the  water  and  ether 
was  next  treated  by  the  bisulphide  of  carbon,  when  an  addi- 
tional quantity  of  soluble  matter  was  obtained.  On  evapora- 
ting the  bisulphide  of  carbon,  a  yellow  mass  remained  having 
the  aspect  or  sulphur.  This,  when  heated,  gave  evidence  of 
being  sulphur  mixed  with  some  carbon  compound.  And  to 
all  appearance  it  was  just  like  the  substance  obtained  by  simi- 
lar treatment  of  the  meteoric  graphite. 

The  crystals  in  the  upper  part  of  the  vessel  from  which  the 
ether  was  evaporated  being  detached  by  scraping  the  sides  of 
the  vessel  with  a  horn  spatula,  some  bisulphide  of  carbon  was 
poured  upcm  the  portions  remaining  attached  to  the  vessel  by 
which  it  was  dissolved.  The  bisulphide  of  carbon  was  sub- 
sequently evaporated,  when  a  residue  was  left  consisting  of  a 
yellow   solid  surrounded  by  a  dark  brown  semi-solid  mass  in 
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minute  quantity.  This  last  is  evidentlj  a  carbon  combination 
not  contaminated  with  sulphur,  while  the  yellow  mass  is  sul- 
phur containing  a  small  portion  of  the  carbon  compound. 

I  was  enabled  to  obtain  over  400  milligrams  of  these  mixtures 
from  about  60  grams  of  the  meteorite,  much  the  larger  por- 
tion being  sulphur.  A  few  attempts  were  made  to  separate  the 
sulphur  from  the  carbon  compound,  but  unsuccessfully ;  and  I 
soon  saw  that  by  continuing  my  efforts,  I  should  exhaust  the 
small  supply  of  material  without  reaching  any  useful  result 
So  it  was  thought  better  to  save  what  was  left  of  the  material 
as  a  specimen  of  it 

The  other  carbon  meteorites  I  have  not  yet  examined  with 
r^ard  to  the  points  embraced  in  this  report,  but  I  hope  to  ob- 
tain sufficient  material  before  long  to  allow  of  this  being  done, 
though  I  do  not  anticipate  any  different  results  from  those  that 
have  been  examined. 

The  nature  of  the  hydrocarbon  found  in  the  meteoric  graphite  and 

carbona4xoiL8  meteorites. 

That  this  substance  belongs  to  the  meteorites  at  the  time  of 
their  tall,  there  can  be  no  doubt ;  for  in  the  carbonaceous  me- 
teorites there  is  nothing  to  enable  us  to  account  for  its  forma- 
tion in  the  cabinets  in  which  they  have  been  placed  after  their 
fall.  And  in  the  case  of  the  graphite  nodules  they  were  en- 
cased in  the  interior  of  an  iron  mass  over  twenty  centimeters 
in  diameter ;  and,  furthermore,  the  powder  operated  with  was 
taken  from  the  interior  of  a  compact  nodule  of  graphite. 

I  have  been  strongly  inclined  to  consider  this  as  a  hydrocar- 
bon containing  combined  sulphur  forming  a  sulph- hydrocar- 
bon. In  the  absence  of  chemical  evidence  sustaining  this 
view,  I  lay  some  stress  on  the  peculiar  odor  of  the  ether  ex- 
tract, strengthened  by  a  most  singular  property  of  the  watery 
extract  from  the  Orgueil  meteorite,  of  which  I  will  make  a 
short  statement,  reserving  for  some  future  occasion  any  addi- 
tional remarks. 

If  a  small  quantity  of  the  powdered  Orgueil  meteorite,  say 
two  grams,  be  treated  with  water  and  heated  for  a  short  time 
over  a  water- bath,  no  peculiar  odor  will  be  observed,  however 
carefully  examined.  Throw  this  on  a  filter  and  wash  with 
water,  then  evaporate  the  filtrate  to  dryness  over  a  water-bath, 
and  during  this  time  no  odor  will  be  observed.  Allow  the  resi- 
due to  cool,  and  still  there  is  no  odor.  But  now  throw  upon 
the  residue  a  little  water,  say  half  to  one  cubic  centimeter, 
move  the  capsule  around  to  dissolve  the  mass,  and  then  on 
bringing  it  near  to  the  nose,  a  marked  alliaceous  odor  will  be 
perceived,  sometimes  so  strong  as  to  be  disagreeable,  reminding 
one  of  the  odor  of  the  oil  of  assafoetida.     That  it  is  produced 
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by  a  sulphur  compound  chemists  will  be  apt  to  admit,  perhapB 
a  minute  Quantity  of  sulphur  compound  not  unlike  the  sulph- 
hydrate  of  ethylene  C*H'S*;  and  the  needle-shaped  crysUils 
may  not  be  far  i^moved  from  the  solid  quintisulphide  of  ethyl- 
ene, C*H«S*,  corresponding  to  sulphur  75 •00,  carbon  20'00, 
hydrogen  6*00.  The  crystals  I  scraped  from  the  sides  of  the 
beaker — at  the  upper  part — on  which  the  ether  solution  of  the 
Orgueil  meteorite  was  evaporated  to  dryness,  gave — sulphur 
79-65,  carbon  15  00,  hydrogen  800. 

In  the  above  analjrsis  the  amount  of  sulphur  is  well  deter- 
mined; but  the  examination  for  carbon  and  hydrogen  was 
made  upon  so  small  a  quantity,  that  the  results  cannot  be  re- 
lied upon  as  very  correct 

Roscoe  burnt  in  dry  oxygen  008  grams  of  the  residue  from 
the  Alais  meteorite,  and  obtained  OlO  grams  of  sulphurous 
acid,  -008  grams  of  carbonic  acid,  and  -008  gramis  of  water, 
making  sulphur  125  parts,  carbon  64  parts,  hydrogen  10. 

As  the  above  analysis  was  made  with  only  eight  milli- 
grams, of  course  the  results  can  be  considered  only  as  an  ap- 
proximation ;  but  nevertheless,  until  we  get  better  they  must 
serve  as  our  only  guides. 

I  have  not  said  anything  about  the  gaseous  carbon  compounds 
found  in  meteorites,  as  these  form  a  separate  studv  from  what 
is  designed  in  this  paper,  and  besides,  Profs.  Graham,  Mallet, 
Wright,  and  others  nave  already  investi^ted  their  nature. 
Profs.  Wright  and  Mallet  are  still  engaged  in  this  line  of  in- 
vestigation. 

Qmclusions. 

These  then  are  some  of  the  results  of  my  experiments  on 
the  carbon  of  meteorites,  and  they  are  of  great  interest  and 
importance.  That  we  should  find  in  the  graphitic  concretions 
from  the  interior  of  a  solid  mass  of  iron  such  substances 
as  free  sulphur  and  a  hydrocarbon,  simple,  or  combined  with  sul- 
phur, having  a  marked  odor,  was  certainly  not  to  be  expected, 
especially  as  we  are  almost  forced  to  believe  that  the  iron  con- 
taining it  must  have  been  at  some  period  in  a  state  of  fusion.* 

The  graphite  nodules  themselves  are  grand  chemical  and 
physical  puzzles,  as  well  as  all  the  nodular  concretions  in  me- 
teoric irons  ;  that  they  have  resulted  from  a  process  of  segrega- 
tion is  self-evident,  but  how  marvelous  the  completeness  of 
this  segregation,  for  if  we  analyze  the  iron  even  within  two  or 
three  millimeters  of  the  concretions,  only  traces  of  the  charac- 

*  In  an  article  recently  published  by  Dr.  Mohr  (Annalen  der  Ohem.  iind  Pharm., 
Dec.  1875,  page  257),  he  advances  the  theory  that  meteoric  iron  and  meteoric 
stones  have  been  formed  by  the  agency  of  water;  his  arg^uments  are  interestiDg, 
but  far  from  being  sufficient  to  cover  all  the  facts  in  connection  with  meteoritas. 
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teristio  constituents  of  tbe  nodules  are  here  found.  Then 
again,  in  the  case  of  the  troilite  concretions,  this  sulphide  has 
been  separated  from  the  mass  of  iron,  and  a  phosphide  of  iron 
and  nickel  has  been  concreting  along  with  it;  and  yet,  there 
seems  to  be  so  great  an  incompatibility  between  these  two 
minerals  that  they  could  not  commingle,  but  the  phosphuret 
was  thrust,  as  it  were,  to  tbe  exterior  of  the  nodule,  there  to 
form  a  thin  coverine  to  the  sulphide,  like  the  skin  of  an  orange 
over  the  internal  pulp. 

Again,  the  graphitic  concretions  bear  no  resemblance  to  the 
scaly  graphite  found  in  the  slag  of  iron  furnaces  and  between 
the  crystals  of  cast  iron,  either  in  structure  or  appearance ;  the 
fractured  surfoce  is  more  like  that  of  the  Borrowdale  graphite, 
bat  the  oxidizing  action  of  the  nitric  acid  and  potash  chlorate 
on  this  last  differs  somewhat  from  the  action  on  the  meteoric 
graphite.  Many  and  varied  have  been  the  hypotheses  formed 
m  my  mind  to  account  for  the  formation  andf  accumulation  of 
tills  graphite,  but  I  must  admit  that  I  have  been  forced  at  last 
to  abanaon  them  all,  as  none  covers  all  the  facts  of  the  case.  In 
appearance  this  graphite  is  more  like  the  amorphous  carbon 
that  is  separated  from  cast  iron,  but  the  oxidizing  action  of 
nitric  acid  and  chlorate  of  potash  at  once  points  out  their  great 
di£Ference  as  shown  by  Bertnelot's  experiments.*  And  although 
it  differs  in  appearance  from  the  scaly  graphite  of  iron,  the  oxid- 
ation of  the  two  are  very  similar.  I  am  more  inclined  to 
adopt  the  suggestion  of  Berthelot,  that  it  may  be  formed  by 
the  reaction  of  bisulphide  of  carbon  upon  incandescent  iron, 
as  this  reaction  is  known  to  give  nse  to  an  amorphous 
graphite  analogous  to  the  one  under  consideration,  and  its  asso- 
ciation with  sulphide  of  iron  would  lend  some  support  to  this 
hypothesis ;  ana  still  further  the  presence  of  free  sulphur  and  a 
carbon  compound,  either  a  hydrocarbon,  or  sulph-hydrocarbon, 
points  also  in  that  direction  for  a  solution. 

It  is  veiy  clear  from  the  present  accumulated  knowledge  of 
the  geological  occurrences  of  graphite  that  we  must  abandon 
all  attempt  to  account  for  its  formation  by  any  one  series  of 
reactions  on  the  interior  of  our  globe ;  for  it  is  to  be  found  in 
basaltic  rocks,  in  the  older  crystalline  rocks,  and  through  all 
the  series  of  rocks  up  to  the  recent  Tertiary  formations ;  and 
when  we  add  to  this  the  laboratory  experiments  of  Berthelot 
that  I  have  so  frequently  quoted,  this  view  of  the  subject  is 
strengthened.  But  on  this  point  I  may  have  something  more 
to  say  in  a  paper  on  the  Ovifak  iron,  and  the  graphite  in  the 
basalt  in  which  this  iron  is  found. 

The  carbon  from  the  black  meteorites,  as  the  Orgueil,  Alais, 
etc,  I  consider  as  having  a  similar  origin  to  that  found  in  the 

*  Axmales  de  Chem.  et  de  Physique,  Fourth  Series,  xiz,  436. 
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irons ;  for  I  have  proved  that  they  both  contain  similar  crys- 
talline products  soluble  in  ether  and  sulphide  of  carbon,  and 
while  the  carbonaceous  matter  reacts  differently  when  treated 
with  nitric  acid  and  potash  chlorate,  this  may  arise  from  the 
difference  of  conditions  under  which  the  reaction  took  place 
that  gave  rise  to  it. 

That  the  carbonaceous  matter  in  the  black  meteorites  is  to 
be  regarded  as  a  kind  of  humus  arising  from  oivanized  matteris 
contrary  to  all  we  know  about  humus.  For  if  we  examine  the 
mineral  constituents  of  these  meteorites,  we  find  them  to  be  a 
granular  mass,  with  particles  more  or  less  impalpable,  composed 
essentialljr  of  olivine  and  pyroxene,  a  most  unpromising  soil  for 
so  luxuriant  a  growth  or  vegetation  as  must  have  occurred  to 
produce  so  abundant  a  percentage  of  carbonaceous  matter  as  that 
found  in  the  Orgueil  meteorite.  The  action  of  caustic  potash 
upon  it  is  different  from  the  action  of  that  alkali  upon  what  is 
commonly  called  humus;  (although  we  must  bear  in  mind  that 
humus  is  not  a  well-defined  substance;  it  being  commonly 
regarded  as  .vegetable  matter  that  has  not  undergone  complete 
decomposition  into  water  and  carbon,  but  by  imperfect  oxida- 
tion was  converted  into  a  varied  mixture  of  carbon  and  certain 
organic  compounds  rich  in  carbon,  some  of  them  soluble  in 
caustic  alkalies).  After  the  powdered  Orgueil  meteorite  has 
been  exhausted  by  water,  ether,  and  sulphide  of  carbon,  caus- 
tic potash  or  soda  dissolves  but  an  exceedingly  minute  trace 
of  the  carbonaceous  matter,  and  even  that  trace  may  be  a  little 
hydrocarbon  not  extracted  from  the  mass  by  the  ether  and 
sulphide  of  carbon.  If  a  portion  of  the  same  be  dried  at  110® 
C,  and  then  heated  in  a  closed  tube,  water  will  not  be  given 
off  until  the  temperature  is  elevated  considerably.  If  the  tem- 
perature be  further  increased,  only  a  very  slight  odor  is  appar- 
ent ;  and  this  is  another  marked  difference  between  it  and 
humus.  If  heated  on  platinum  foil,  the  carbonaceous  matter 
burns  off  very  readily  with  little  or  no  odor,  leaving  an  abun- 
dant residue.  According  to  my  experiments  this  combustible 
matter  amounts  to  about  4'5  per  cent  of  the  entire  meteorite. 

It  is  not  at  all  improbable  that  the  carbonaceous  matter  of 
the  black  meteorites  approaches  in  character  the  so-called  hy- 
drated  carbon  first  pomted  out  by  M.  Eggert,  but  so  clearly 
defined  by  MM.  Schutzenberger  and  Bourgeois  in  a  commu- 
nication made  to  the  Chemical  Society  of  Paris  in  April,  1875, 
which  was  obtained  from  white  cast  iron  by  dissolving  away 
the  iron.  But  it  is  a  question  in  my  mind  whether  the  carbon 
combination  thus  obtained  from  white  iron  is  to  be  properly 
considered  a  hydrated  carbon  ;  that  is  to  say,  whether  we  are 
to  consider  the  H'O  as  united  to  the  carbon  in  the  same  way 
as  it  is  to  metallic  oxides  to  form  what  are  known  as  hydrated 
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oxides.  If,  however,  it  is  to  be  considered  as  combined  in  a 
manner  analogous  to  the  H*0,  with  ethyl  to  form  alcohol,  then 
there  may  be  some  plausibility  in  the  hypothesia  For  it  will 
be  remarked  in  referring  to  the  actions  of  this  hydrated  car- 
bon that  it  in  no  way  resembles  amorphous  or  ordinary  carbon. 

It  is  represented  by  MM.  Schutzenberger  and  Bourgeois  as 
follows:  C^:8H«0= carbon  70*96,  hydrogen  8-28,  oxygen 
25*80  per  cent 

According  to  M.  Cloez,  the  carbonaceous  matter  of  the  Or- 
gueil  meteorite,  after  being  dried  at  110°,  was  found  to  be  com- 
posed of  carbon  68*45,  hydrogen  5*98,  oxygen  80*75;  and 
when  we  consider  that  some  of  this  hydrogen  belongs  to  the 
hydrocarbon  now  known  to  exist  in  that  meteorite,  the  remain- 
der of  the  hydrogen  will  approach  near  the  proportion  required 
to  form  water  with  the  oxygen ;  and  the  quantity  of  carbon 
that  may  exist  as  a  hydrate  will  be  slightly  diminished. 

Attempts  were  maae  to  separate  completely  all  the  mineral 
matter  from  the  carbon,  but  I  have  failed  to  do  so,  after  using 
fluorhydric  acid  alone,  and  in  conjunction  with  nitric  acid,  also 
fluoridfe  of  sodium  and  sulphuric  acid  with  a  small  amount  of 
water,  then  treating  the  residue  with  cold  nitric  acid.  There  is 
no  difficulty  in  getting  rid  of  a  great  part  of  it,  but  in  every  in- 
stance the  carbonaceous  matter  has  been  altered,  however  care- 
fully the  temperature  was  managed. 

When  this  matter  thus  obtained  is  heated  in  a  closed  tube, 
after  being  dried  at  110°  C,  it  not  only  furnishes  water  at  about 
250°  C,  but  gives  out  a  very  strong  odor  somewhat  like  that 
produced  from  certain  bituminous  coals,  at  one  point  resem- 
bling the  disagreeable  odor  of  an  ignited  cigar  of  a  very  inferior 
quality  of  tobacco.* 

Viewed  in  the  li^ht  of  these  experimental  researches,  the  most 
reasonable  conclusion  is  that  this  carbonaceous  matter  is  not  in 
any  proper  sense  either  carbon  or  humus,  but  a  carbon  com- 
pound analogous  to  the  one  just  referred  to. 

Future  researches  upon  these  solid  compounds,  resembling 
in  appearance  amorphous  carbon,  such  as  hydrographitic  oxide, 
pyrographitic  oxide,  carbon-hydrate,  and  similar  compounds 
that  may  yet  be  discovered,  will  doubtless  throw  some  light  on 
the  true  nature  of  the  carbonaceous  compound  of  the  black 
meteoritea  So  far  as  our  knowledge  now  extends,  its  forma- 
tion and  its  origin  are  wrapped  in  as  much  obscurity  as  the  ori- 
gin of  the  bodies  in  which  it  is  found. 

What  we  do  know  is  that  this  carbonaceous  matter  occurs 
with  the  same  minerals,  viz.,  olivine  and  pyroxene,  which  are 
the  predominating  constituent  materials  of  all  stony  meteorites ; 

*  This  odor  will  be  found  to  belong  to  the  hjdrated  carbon  from  cast  iron, 
when  heated  m  the  same  way. 
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also  with  the  nickeliferous  iron  found  in  both  the  stonej  and 
metallic  meteorites;  and  furthermore,  that  this  carbonaceous 
matter  contains  curious  crystalline  products  soluble  in  ether 
and  sulphide  of  carbon,  which  last  have  been  traced  in  the  gra- 
phite nodules  in  the  interior  of  the  metallic  meteorites.  More- 
over in  these  graphite  nodules  we  have  found  magnesia,  which 
is  so  uniformly  a  constituent  of  the  minerals  of  the  stoney 
meteorites. 

So  far  then  as  our  present  knowledge  goes,  we  know  of  celes- 
tial carbon  in  three  conditions,  viz:  in  the  gnaeoua  form  as 
detected  hj  the  spectroscope  in  the  attenuated  matter  of  comets ; 
in  meteorites  in  the  aolii  Jbrm^  impalpable  in  its  nature  and 
diffused  in  small  quantities  through  pulverulent  masses  of 
mineral  matter  that  come  to  the  earth  from  celestial  regions; 
also  in  the  solid  form^  but  compact  and  hard^  resembling  terres- 
trial graphite,  and  this  is  imbedded  in  metallic  matter  that 
comes  from  regions  in  space.  But  while  we  speak  of  these  as 
forms  of  carbon,  I  think  we  should  be  careful  in  associating  it 
in  our  minds  with  the  element  carbon  as  we  understand  it  in  ita 
pure  state  whether  crystallized  or  amorphous,  for  I  cannot 
reconcile  the  carbon  vapor  detected  in  comets  as  simply  that 
known  as  pure  carbon  m  the  form  of  an  elastic  vapor,  nor  are 
we  to  circumscribe  ourselves  with  the  notion  that  this  cosmical 
carbon  has  an  organic  origin. 

The  researches  embraced  in  this  communication,  while  in 
many  respects  of  a  novel  character,  are  imperfect  firom  their 
very  nature,  both  from  lack  of  material  for  a  thorough  and  com- 
plete study,  as  well  as  from  the  present  imperfect  methods  of 
operating  upon  a  minute  quantity  of  the  most  interesting  of 
the  substances  obtained. 

I  have  therefore  detailed  as  carefully  as  I  could  all  the  results 
as  they  have  developed  themselves,  hoping  that  future  oppor- 
tunities may  be  afforded  for  continuing  them,  when  new  celes- 
tial messengers  of  the  carbonaceous  type  shall  visit  our  globe. 


Art.  LVIT. — Results  of  Experiments  on  Contojct  Resistance;  by 

Professor  W.  A.  Norton. 

[Read  before  the  National  Academy  of  Sciences,  April  21,  1876.J 

The  experiments  here  referred  to  were  undertaken  with  the 
view  of  determining  the  law  of  the  diminution  of  the  minute 
distance  between  two  surfaces  in  contact,  with  the  increase  of 
the  contact  pressure ;  and  its  dependence  on  the  extent,  condition 
and  nature  of  the  surfaces  in  contact  Rectangular  pieces  of 
various  substances  |  inch  in  thickness,  \  inch  in  width,  and  of 
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suitable  length  for  clamping  were  used  in  the  experiments.  The 
lower  piece  was  clamped  to  a  horizontal  iron  bar,  which  was 
firmly  clamped  to  the  vertical  pillars  of  the  testing  machine 
used  in  my  former  experiments  on  deflection  and  set,  and  was 
also  firmly  propped  directly  beneath  the  point  where  the  con- 
tact occurred.  The  other  piece,  |  inch  in  length,  was  keyed 
to  the  under  surface  of  the  lever  iised  in  the  same  experiments, 
at  the  &rther  end.  The  weights  were  placed  on  a  scale  pan 
resting  above  this  on  the  lever,  and  vertically  over  the  surfaces 
in  contact  The  depressions  of  this  end  of  the  lever  were  deter- 
mined by  means  of  a  micrometer  screw,  which  gave  the  eoual 
elevations  of  the  other  end  to  within  j^I^y  of  an  inch.  The 
firmness  of  the  lower  contact  piece  and  its  support  was  fre- 
quently tested  by  causing  the  weights  to  press  directly  upon  it, 
without  the  intervention  of  the  lever.  Tne  small  thermal  error 
of  the  apparatus  was  carefully  determined  and  allowed  for 
whenever  any  perceptible  change  of  temperature  occurred  dur- 
ixkst  any  single  series  of  experiments ;  but  the  precaution  was 
taken  to  secure  a  nearly  uniform  temperature  auring  the  pro- 
gress of  the  experiments.  The  weights  employed,  in  the  more 
Srecise  determinations,  ranged  from  2  ounces  to  24  ounces, 
'he  apparent  surface  of  contact  varied  from  j\  of  a  square 
inch  to  a  mere  point  The  touching  surfaces  were  in  some  in- 
stances smooth,  in  others  rough ;  and  in  the  contact  of  plate 
glass  with  plate  glass,  highly  polished.  The  decrement  of  con- 
tact distance  was  noted  whenever  a  weight  was  put  on,  and  the 
increment  when  the  weight  was  removed,  and  in  general  the 
average  of  the  two  taken.  By  this  means  the  thermal  error, 
when  the  rise  or  fall  of  temperature  was  uniform,  would  be  elim- 
inated ;  as  well  as  any  error  that  might  result  from  a  change  in 
the  coefficient  of  the  contact  resistance,  induced  by  the  pressure 
and  not  passing  off  when  the  weight  was  removed.  That  errors 
fix)m  irregular  variations  of  temperature,  irregular  variations  of 
the  coefficient  of  molecular  resistance,  and  accidental  causes, 
might  be  in  a  great  degree  eliminated,  the  mean  of  a  consid- 
er^le  number  of  separate  determinations  was  obtained  in  each 
case.  A  comparison  of  these  means  for  sets  of  experiments  dif- 
fering in  number,  showed  that  the  irregular  and  accidental 
errors  were  generally  small.  The  initial  pressure  was  the  same 
in  the  different  sets  of  experiments,  and  was  very  slight — ^be- 
ing  barely  sufficient  to  secure  a  decided  contact 

W  hen  a  weight  was  applied  the  resulting  diminution  of  the 
contact  distance  was  generally  greater  than  the  increase  that 
resulted  from  the  removal  of  the  weight  The  reverse  very 
rarely  occurred ;  though  the  increment  was  sometimes  equal  to 
the  decrement  It  therefore  generally  happened  that  there  was 
a  slight  contact  set  when  the  pressure  was  withdrawn.     These 
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facts  show  that  the  applicatioD  of  the  contactpressure  was  gen- 
erally attended  with  a  diminution  of  the  coemcient  of  molecu- 
lar resistance  at  the  surface  of  contact.  When  the  pressures 
were  renewed  at  short  intervals,  the  contact  set  at  first  observed 
was  generally  maintained,  and  often  increased. 

The  following  table  gives  the  diminutions  of  the  contact  dis- 
tance obtained  with  the  several  weights,  2  oz.,  4  oz..,  8  oz.,  16  oz., 
and  24  oz.  It  is  to  be  understood  that  the  numerical  determin- 
ations given  in  the  table  are  the  means  of  a  number  of  individ- 
ual determinations.  It  thus  happens  that  the  decimals  are  car- 
ried beyond  the  reliable  reading  of  the  apparatus.  The  meaa 
results  of  different  sets  of  experiments  are  given  in  two  instan- 
ces. The  apparent  surface  oi  contact  was  about  -J^  of  a  square 
inch,  except  m  the  case  of  the  contact  of  a  flat  surface  with  a 
round  surmce  of  sharp  curvature,  in  which  the  area  of  contact 
was  too  minute  to  be  estimated. 


Iron  on  Iron. 

Bame. 

Average. 

Iron  on  Iron, 

Bame. 

ATerage. 

Burt  nnootta. 

Same. 

Flat  rarfkce 

on 
ronndtnrf. 

Bame. 

2  oz. 

In. 
0-000170 

In. 
0000162 

In. 
0000166 

In. 
0^000166 

In. 
0-0(10162 

In. 
0000163 

4    ** 

000260 

•000286 

•000267 

•000240 

•000276 

•000267 

8    " 

•000340 

•000326 

•000332 

•000320 

•000276 

-000297 

16    " 

•000460 

•000426 

•000437 

•000410 

•000426 

•000417 

24    " 

•000600 

•000600 

Iron  on  brasa. 

Brass 

on 
brass. 

Brass 

on 
brass. 

Plate  glass 

on 
plate  glass. 

Oenl  ayerage 

iSorf.  Bmooth. 

1 

Snrf.  smooth. 

Surf,  rough. 

Barf,  polished 

2  oz. 

In. 
0000167 

In. 
0000170 

In. 
0000176 

In. 
0^000170 

In. 
0000169 

4    " 

•000256 

•000260 

•000267 

•000212 

•000261 

8    " 

•000335 

•000266 

•000260 

•000294 

•000294 

16    " 

••00412 

•000410 

•000400 

•000350 

•000404 

24    " 

•000600 

•000500 

•000600 

•000476 

•000493 

Reliable 

average. 


In. 
0-00017 
000025 
0-00029 
0-00040 
0^00049 


On  examining  this  table  it  will  be  seen, 

(1.)  That  the  diminutions  of  contact  distance  were  very 
nearly  the  same,  whatever  was  the  nature,  or  condition  of  the 
surfaces  in  contact. 

(2.)  That  they  were  nearly  independent  of  the  extent  of  the 
surface  in  contact ;  since  they  were  nearly  the  same  when  the 
surfaces  touched  in  a  mere  point,  as  when  the  surface  of  contact 
had  an  extent  of  one-fourth  of  an  inch  by  one-eighth  of  an 
inch. 

(8.)  That  the  diminution  of  contact  distance  for  an  increase 
of  one  ounce  in  the  pressure,  was  nearly  inversely  proportional 
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to  the  pressure.  The  fractions  of  an  inch  that  would  answer  to 
this  law  are  as  follows :  For  2  oz.  O-OOOIT  in.,  for  4  oz.  0-00025 
in.,  for  8  oz.  0-00088  in.,  for  16  oz.  0-00041  in.,  for  24  oz. 
0-()0046  in.  These  values  diflfer  but  little  from  those  given  in 
the  table  as  the  reliable  averages.  The  only  material  discrep- 
ancies occur  in  the  results  for  8  oz.  and  24  oz.  Now  the  table 
of  results  shows  that  in  a  few  cases  some  cause  was  in  opera- 
tion to  reduce  the  diminution  of  contact  distance  for  8  oz.  to 
nearly  the  value  observed  for  5  oz.  The  same  tendency  was 
also  often  manifest  in  the  individual  experiments.  If  we  reject 
the  results  for  8  oss.  in  these  cases,  that  occur  in  the  table,  the 
average  diminution  of  contact  distance  for  a  pressure  of  8  oz., 
comes  out  0*00082  in.,  and  the  discrepancy  is  reduced  to 
OOOOOl  in.  Again  the  experimental  result  for  the  case  of  24 
oz.  is  0*00008  in.  larger  than  the  law  above  stated  calls  for ;  but 
the  individual  micrometer  readings  were  liable  to  this  amount 
of  error,  and  hence  if  the  support  had  been  depressed  by  this 
amount,  by  the  24  oz.  weight,  it  would  have  escaped  detection. 

That  the  law  of  diminution  of  the  contact  distance  which  has 
been  stated  is  very  nearly,  if  not  the  exact  law  of  Nature  in  the 
case,  may  also  be  inferred  from  the  fact  already  stated,  that 
the  variation  of  contact  distance  is  nearly  if  not  entirely  inde- 
pendent of  the  extent  of  the  surface  of  contact.  For  if  the  con- 
tact area  be  diminished  in  any  ratio,  say  2  to  1,  under  the 
pressure  of  the  same  weight  the  pressure  at  each  individual 
point  of  contact  would  be  doubled,  and  the  increment  of  pres- 
sure at  each  point,  resulting  from  an  additional  weight  of  one 
ounce,  would  also  be  doubled.  Now  if  we  suppose  the  law, 
just  referred  to,  to  hold  good  for  a  given  surface  of  contact,  the 
diminution  of  contact  distance  at  each  point  should  be  inversely 
proportional  to  the  pressure  on  it,  and  therefore  be  half  as 
great  for  the  same  increment  of  pressure  there,  as  in  the  case  of 
the  larger  area  of  contact;  but  in  fact  the  additional  pressure 
at  a  single  point,  resulting  from  an  additional  weight  of  one 
ounce,  is  doubled,  and  hence  the  diminution  of  distance  should 
be  the  same  as  in  the  case  of  the  larger  area  of  contact. 

We  may  conclude,  therefore,  that  in  the  contact  of  surfaces, 
the  force  of  molecular  repulsion,  in  which  the  force  of  contact 
resistance  consists,  conforms  in  its  variations  very  nearly,  if  not 
exactly,  to  the  law  that  the  decrement  of  the  distance  between 
the  molecules,  for  the  same  small  increment  of  pressure,  is  in- 
versely proportional  to  the  effective  pressure  by  which  the 
molecules  are  urged  into  closer  proximity.  U  then  we  suppose 
the  distance  between  the  molecules  to  be  denoted  by  x,  and  the 
effective  molecular  repulsion  by  r,  and  observe  that  x  is  a  de- 

dr 
creasing  function  of  r,   we  may  put  dx^—m—.     This  gives. 

Am.  JouB.  Soi.— Thibd  Sbribs,  Vol.  ^I,  No.  66— Jcme,  1876. 
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by  integration,  x=c^in  log  r ;  or  x^m  log  — ,  in  which  n  is  a 

new  constant  It  appears  then  that  the  curve  of  the  effective 
molecular  repulsion,  which  resists  contact  pressure,  is  the  loga- 
rithmic curve. 

This  force  of  molecular  contact  repulsion  cannot  be  identici^ 
with  the  effective  repulsion  in  operation  in  the  interior  of 
bodies,  when  they  suffer  compression ;  for  the  same  force  of 
pressure  produces  a  vastly  greater  diminution  of  molecular  dis- 
tance at  the  surface  of  contact  than  in  the  interior  of  bodies. 
Thus,  in  our  experiments,  a  pressure  equivalent  to  80  lbs.  to 
the  square  inch,  diminished  the  contact  distance  by  jjVt  ^f  ^ 
inch.  This  pressure  operating  on  an  iron  rod  one  inch  in 
length  would  compress  it  TiyyVirTi  ^^  *^  inch.  The  distance 
between  its  individual  molecules  would  be  reduced  tvvtyi 
part  This  is  immeasurably  smaller  than  the  observed  diminu- 
tion of  contact  distance ;  and  therefore  than  the  diminution  of 
molecular  distance  at  the  point  of  contact,  if  the  decrease  of 
contact  distance  consisted  simply  in  the  closer  approximation 
of  the  contiguous  molecules  of  tne  two  surfaces.  It  is  not  im- 
probable, however,  that  it  consists  in  part  in  a  compression  of 
a  thin  layer  of  molecules  at  the  surface,  having  a  comparatively 
small  coefficient  of  elasticity.  If  such  a  layer  have  a  thickness 
as  great  as  y^y  of  an  inch,  the  compression  it  would  receive  from 
a  pressure  of  30  lbs.  to  the  square  inch,  would  still  be  82000 
times  greater  than  a  layer  of  tne  same  thickness  in  the  interior 
of  a  mass  of  iron  would  experience  from  the  same  pressure. 

We  must  conclude,  therefore,  that  the  force  of  molecular 
contact  repulsion  has,  for  the  same  diminution  of  the  distance 
between  the  molecules,  an  exceedingly  feeble  intensity  in  com- 
parison with  that  of  the  internal  molecular  repulsion.  It  must 
operate  then  at  greater  molecular  distances ;  and  accordingly 
the  range  of  its  action  must  lie  outside  of  that  of  the  attraction 
of  cohesion.  In  confirmation  of  this  conclusion  it  may  be 
stated  that  in  none  of  the  experiments  was  any  evidence 
obtained  of  an  attraction  between  the  surfaces,  operating  out- 
side of  the  contact  distance. 

It  would  seem,  then,  that  the  experiments  discussed  have 
served  to  establish  the  existence  of  an  effective  force  of  molecu- 
lar repulsion,  in  operation  at  the  surface  of  contact  of  bodies, 
whose  sphere  of  action  is  external  to  the  range  of  the  attraction 
of  cohesion  for  the  same  molecule,  and  which  has  a  much 
feebler  coefficient  of  intensitv  than  the  effective  molecular  repul- 
sion exerted  within  the  spliere  of  this  attraction.  They  have 
also  made  known  the  law  of  variation  of  this  force  with  the 
change  of  molecular  distance,  and  shown  that  its  coefficient  of 
intensity  is  the  same,  or  nearly  the  same,  for  the  different  sub- 
stances used  in  the  experiments. 
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Abt.  LVULL — On  somsPhysicalObservcUians  of  the  Planet  Saturn; 

by  L.  Tbouvelot.* 

DURINQ  the  last  four  years  I  have  had  many  occasions  to 
obaerve  the  planet  Saturn,  and  to  study  its  physical  constitu- 
tion under  very  favorable  circumstancea  My  series  of  obser- 
Tations  extends  over  more  than  a  hundred  nights,  many  of 
which  were  as  good  as  could  possibly  be  desired,  both  for  the 
ateadiness  of  the  image,  and  for  the  amount  of  light 

The  observations  on  which  this  communication  is  based  were 
made :  1.  With  the  fifteen-inch  refractor  of  the  Harvard  Col- 
lege Observatory,  while  I  was  employed  by  Professor  Winlock 
in  making  the  sketches  for  the  series  of  the  astronomical  en- 
gravings published  by  him.  By  his  kind  permission  I  have 
availed  myself  of  considerable  of  the  data  thus  obtained.  2. 
With  the  twenty-six  inch  refractor  of  the  Washington  Observ- 
atory while  it  was  still  in  the  hands  of  Messrs.  Alvan  Clark  & 
Sons.  8.  With  the  slx-and-one-quarter-inch  refractor  of  my 
own  Physical  Observatory  at  Cambridge.  During  the  past  sum- 
mer, I  was  honored  with  an  invitation  from  Admiral  C.  U.  Davis, 
Superintendent  of  the  Naval  Observatory,  to  visit  Washington 
ana  make  some  sketches  with  the  magnificent  instrument  of 
this  establishment  I  thus  had  an  excellent  opportunity  to  con- 
firm all  my  previous  observations.  The  powers  usedf  ranged, 
according  to  the  amount  of  light  and  the  steadiness  of  the  at- 
mosphere, from  140  to  700.  On  good  nights,  however,  higher 
powers  have  been  tried,  but  never  with  advantage,  as  the  light 
lost  by  the  use  of  high  powers  is  generally  of  more  importance 
for  good  vision  than  a  superior  enlargement  with  a  reduced 
amount  of  light 

Numerous  observers,  among  whom  are  such  eminent  astron- 
omers as  Sir  William  and  Sir  John  Herschel,  OttoStruve,  Dawes, 
Bond,  etc,  have  made  careful  studies  of  this  planet ;  and  it  is 
not,  therefore,  to  be  expected  that  very  important  discoveries 
remain  to  be  made  by  later  observers.  As  1  have  had  the  op- 
portunity of  observing  with  the  same  instrument  many  of  tne 
celestial  objects  previously  studied  with  so  much  success  by 
Professor  George  P.  Bond,  it  gives  me  the  greatest  pleasure  to 
express  my  admiration  for  the  accuracy  and  fidelity  of  his  ob- 
servations. 

The  following  diagram,  representing  the  outlines  of  Saturn 
and  its  rings,  will  facilitate  my  explanations,  and  give  clearness 
to  the  subject :  — 

*  Bead  before  the  Amer.  Acad,  of  Arts  and  Sciences  by  William  A.  Rogers, 
Dec.  14,  1875. 
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When  looking  at  the  rings,  attention  ia  at  once  attracted  to  a 
cons))icaQas  dark  line,  apparently  eouoeotric  with  the  oater 
margin  of  the  ringB,  ana  Doldlj  surrooDdiog  the  planet,  and 
adorning  it  by  its  sharp  contrast  This  dark  line  ia  known  as 
"the  principal  diviaion  of  the  rings,"  and  is  shown  at  a,  fig.  1, 
Owing  to  the  effect  of  perapeotire,  it  always  appean  widest  at 
the  two  extremities  of  its  major  axis,  on  that  portion  called"the 
ansee,"  as  there  only,  it  is  seen  without  foreshortening.  I  have 
carefully  compared  the  intensity  of  this  dark  line  with  the  sky 
outaide  of  the  rings,  and  inside  of  the  anssB ;  and  I  have  always 
found  it  to  be  slightly  lighter.  All  my  observations  also  agree 
in  showing  this  line  as  appearing  a  little  narrower  on  the  side 
farther  from  the  observer,  at  c,  fig.  1,  than  it  appears  on  the 
opposite  side,  at  d.  This  phenomenon  could  readily  be  ex- 
plained by  supposing  that  tne  outside  margin  of  the  ring  G  is 
on  a  plane  higher  than  the  ring  b,  and  may,  consequently,  con- 
ceal a  narrow  portion  of  the  dark  line.  The  assumption  of  such 
an  hypothesis  seems  to  be  fully  supported  by  the  observations, 
as  will  be  shown  hereafter.  It  is  furthermore  to  be  remarked, 
that  the  outside  maigin  of  the  ring  C  has  always  appeared  lo 
me  to  be  more  sharply  defined  on  that  part  of  the  ellipse  farther 
from  the  observer  than  on  the  side  nearest.  The  case  is  the 
same  for  the  outer  border  of  the  ring  A,  which  appears  sharper 
on  its  northern  than  on  its  southern  side.  In  both  cases,  the 
northern  portion  of  the  ellipse  is  limited  by  the  matter  compos- 
ing the  surface  of  the  rings  on  their  flat  and  illuminated  side ; 
while  for  the  southern  portion  it  is  seen  a  little  edgeways,  and 
this  may  account  for  the  vagueness  of  its  outHaes  on  this  aide 

Soon  after  the  beginning  of  my  observations,  in  October,  1872, 
my  attention  was  called  to  a  singular  appearance  not  heretofore 
noticed,  as  far  as  I  am  aware.     Two  small,  dark,  angular  forms, 
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g.  1,  were  aaen  near  the  Bammit  of  the  piincdpal  divimon  of 
gi  on  the  following  mda,  and  appsrenily  projeoted  upon 
k&  After  an  intoVal  <^  three  Doon,  no  aennble  ohange 
■  detected  in  the  position  at  these  forou;  and  on  the 
gday  they  were  seen  oooapying  about  the  same  position, 
momenon  could  easily  be  explained  by  auppoeinx  there 
ne  sort  of  protoberanoee  on  the  external  edge  of  the  rinff 

f  their  shadow  under  the  oblique  rays  of  the  sun,  which 
then  a  proper  [>oaition  to  answer  to  this  hypothesis. 
__.iedays  later,  another  of  these  singular  forms  was  ob- 
1  U0°  m>m  the  first,  on  the  preceding  side,  at  a  This  at 
l!nrthrew  the  snppoeitioD  that  they  were  shadows  oast  by 
■iBiiiiiii  existing  on  the  ring  C;  since  in  this  oaee  die 
n. would  have  boen  projected  opposite  the  sun  on  the  ring 
P'Oot  on  the  line  &  Since  that  time,  I  have  nuiely  ob- 
I'  the  planet  without  seeing  some  of  these  singular  appear. 


s,  either  on  one  side  or  the  other,  but  generally  on  both 
1,  The  number  of  these  dark  forms  is  variable.  One,  two, 
e,  four,  and  even  five,  have  been  seen  at  the  same  moment, 
on  the  same  side.  Though  these  forms  are  variable,  and 
lar  and  disappear,  I  have  never  been  able  to  detect  in  one 
it  any  change  of  position  which  could  be  ascribed  to  the  ro- 
m  of  the  ringR 

he  most  plausible  explanation  of  the  phenomenon  which  I 
oonceive  is,  that  the  inner  margin  of  the  ring  B,  which  forms 
outer  limit  of  the  principal  division,  is  irregular,  ja^ed,  and 
ily  indented,  as  shown  at  a,  fig.  2,  which  represents  Saturn 
would  appear  to  an  observer  placed  above  one  of  its  poles. 
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As  Bond  speaks  of  the  principal  division  of  the  rings  as  "  not 
being  perfectly  elliptical,"  and  as  in  one  instance  he  has  sus- 
pected that  it  "  was  narrower  in  some  places,"  it  is  to  be  inferred 
that  he  had  some  faint  glimpses  of  the  phenomenon  which  I 
have  observed,  and  which  possibly  may  be  more  conspicuous 
now  than  twenty  years  ago. 

But  the  fact  that  this  phenomenon  has  not  been  observed 
earlier  does  not  necessarily  prove  that  it  had  no  existence  be- 
fore ;  as  it  is  well  known,  by  those  who  have  had  experience 
with  the  telescope,  that  one  may  look  for  a  long  while  at  a  ce- 
lestial object,  and  miss  perceiving  what  he  will  readily  see  when 
once  ha  is  told  where  to  look,  and  what  to  look  for.  Seeing 
what  is  new  and  unsuspected  is  quite  different  from  seeing  what 
has  been  observed  befora 

Though  no  noticeable  changes  in  the  position  of  the  dark  an- 
gular forms  could  be  observed  in  the  course  of  two  or  three 
hours,  it  does  not  follow  that  the  system  of  rings  does  not  rotate 
upon  an  axis,  as  theory  indicates ;  since  the  supposed  indenta- 
tions seen  on  the  ansae  would  be  placed  in  the  most  unfavorable 
positions  for  showing  their  motion,  if  they  have  any,  because  it 
would  be  accomplisned  almost  in  a  line  with  the  visual  ray, 
either  approaching  or  receding  fix)m  the  observer. 

Next  to  this  division,  but  much  less  conspicuous,  and  to  be 
seen  only  on  very  good  nights,  is  a  narrow,  grayish,  and  some- 
what diffused  line,  called  "the  pencil  line,"  shown  at  6,  fig.  1. 
I  have  never  been  able  to  trace  this  line  all  around  the  planet, 
as  it  diminishes  very  rapidly  with  the  foreshortening,  and  is 
soon  lost.  Probably  I  have  never  traced  it  more  than  30°  or 
40°  on  each  side  of  the  major  axis  of  the  rings.  The  pencil  line 
has  never  appeared  to  me  black  and  well  defined,  but  rather 
grayish  and  diffused.  Sometimes  I  have  had  the  impression 
that  it  was  irregular  in  width  and  in  depth  of  tint 

These  two  lines  are  the  only  ones  I  have  observed,  which 
could,  with  a  certain  amount  of  probability,  be  said  to  be  a  sep- 
aration of  the  rings ;  though  they  might  just  as  well  be  depres- 
sions, or  dark  belts,  especially  the  outer  one.  But  the  fact  that 
they  have  been  observed  on  both  surfaces  north  and  south,  ap- 
parently corresponding  in  position,  is  in  favor  of  their  being 
real  separations  of  the  rings.  Though  I  have  repeatedly  endeav- 
ored to  see  the  planet  through  the  principal  division  between  d 
and  6,  fig.  1,  I  have  never  seen  the  faintest  traces  of  it ;  and  I 
am  not  aware  that  others  have  been  more  successful. 

If  the  principal  division  of  the  rings  is,  in  fact,  what  it  is  said 
to  be, — viz  :  a  space  free  from  matter,  and  entirely  disconnect- 
ing the  rinffs  B  and  C, — I  do  not  see  why  the  planet  has  never 
been  seen  through  it.  If  the  planet  could  be  seen  through  that 
space,  the  dark  line  forming  the  principal  division  would  be  in- 
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iflible  from  g{  to  e,  as  the  bright  light  of  the  planet  would  shine 
hrongh  in  its  place,  and  be  undistinguishable  from  that  of  the 
ings.  It  may  be  objected  that  the  invisibility  of  the  planet 
hrough  the  principal  division  is  due  to  the  thickness  of  the  ring 
7;  but  in  this  case,  why  should  the  black  sky  be  seen,  if  the 
planet  is  invisible? 

Besides  the  two  dark  gaps  or  divisions  of  which  I  have  just 
poken,  the  rings  are  subdivided  by  concentric  zones  or  belts, 
rhich  reflect  light  of  different  hues  and  intensity.  Though  only 
hree  of  these  belts  are  conspicuous,  I  have  found  by  careful  ex- 
mination  that  there  are  six  which  I  can  always  recognize  when- 
tver  the  illumination  is  good,  and  the  image  steady.  These 
ones  are  represented  on  the  diagram,  fig.  1,  at  4,  J5,  &,  Z>,  JF,  F. 
)d  several  occasions,  I  have  had  a  pretty  distinct  impression  of 
eeing  the  whole  surface,  from  C  to  E  inclusive,  grooved,  as  it 
rere,  by  numerous  narrow  concentric  belts.  These  impressions 
nay  have  been  illusory,  as  they  were  almost  instantaneous ;  but 
;  have  since  learned  by  experience,  that,  after  all,  rapid  impres- 
ions  are  not  so  much  to  be  discarded,  as,  quite  often,  even 
nore  fugitive  impressions  have  proved  in  the  end  to  be  real. 
1  striking  instance  in  my  own  experience  may  be  worth  record- 
ng.  This  summer  I  made  a  stuay  of  the  Horseshoe  Nebula  in 
Sagittarius  with  my  6J-inch  refractor.  During  the  course  of  my 
>b8ervations,  I  was  much  annoved  by  what  appeared  to  me  as 
aint  ghost-like  reticulated  shadows  projected  upon  the  nebula. 
[  at  first  thought  I  had  left  the  reticule  of  squares  ruled  on  glass 
n  the  eye-piece ;  but  having  convinced  myself  that  thig  was  not 
o,  and  the  same  appearance  again  presenting  itself,  I  wiped  my 
jye,  but  with  no  better  result  As  I  experienced  the  same 
ihing  on  other  nights,  I  paid  no  more  attention  to  it,  thinking 
he  trouble  was  in  my  sight.  Some  time  afterwards,  while  in 
Washington,  I  had  an  opportunity  of  studying  the  same  nebula 
?rith  the  great  twenty-six  inch  refractor  of  the  Naval  Observa- 
»ry.  I  was  not  a  little  surprised  to  see  that  the  ghost-like  ret- 
cule  which  I  wanted  so  much  to  rub  out  of  mv  eye  while  at 
lome,  was  caused  by  dark  channels  in  the  nebula  itself,  which 
s  divided  on  the  preceding  side  by  bright  luminous  patches, 
separated  by  dark  intervals. 

In  order  of  brightness,  the  zones  or  belts  composing  the  sys- 
tem of  rings  run  as  follows :  C,  Z),  B,  E^  J.,  F ;  C  being  by  far 
he  brightest,  and  F  by  far  the  darkest.  The  zones  A  and  B 
lave  a  bluish  cast,  or  light  slate  color ;  C  is  of  a  bright  luminous 
vhite;  D  is  slightly  grayish;  £*  is  a  little  darker;  while -F, 
vhich  is  very  dark,  is  tinged  with  bluish  purple. 

A  is  separated  from  B  by  the  pencil  line ;  B  from  C  by  the 
Drincipal  division ;  while  the  others  do  not  show  any  separation 
j^hatever,  and  are  only  limited  by  the  contrast  of  their  different 
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colors  and  shades,  and  seem  to  be  in  immediate  contact  How- 
ever, the  different  zones  do  not  terminate  abruptly  where  they 
come  in  contact,  but  seem  somewhat  blended  into  each  other. 
This  is  especially  the  case  between  £1  and  F.  Though  at  that 
point  the  contrast  between  the  two  internal  rings  is  very  great, 
yet  it  is  impossible  to  see  any  line  of  division,  so  much  do  they 
mingle  at  their  point  of  contact 

On  good  nights,  I  have  often  observed  on  that  part  of  the 
rings  A,  B^  and  (7,  seen  on  the  ansae,  an  unmistakaole  mottled 
or  cloudy  appearance  such  as  is  represented  on  Plate  1.  This 
appearance  was  always  more  characteristic  and  better  seen  on 
the  ring  (7,  especially  near  its  outer  margin,  close  to  the  princi- 
pal division.  It  would  seem,  as  has  been  already  remarked, 
that  the  ring  C  is  on  a  higher  level  than  that  of  the  rest  of  the 
rings,  and  that  the  cloudy  appearances  observed  there  form  by 
their  accumulation  some  kind  of  protuberances  of  different 
heights  and  breadths.  The  bright  spots  resembling  satellites, 
so  often  observed  by  Bond  in  1848,  when  the  plane  of  the  rings 
was  parallel  with  that  of  the  ecliptic,  were  probably  caused  by 
the  crests  of  some  protuberances  similar  to  those  now  seen  on 
the  ansae.  The  form  of  the  shadow  thrown  by  the  planet  on 
the  rings  on  Nov.  80,  1874,  as  shown  at  x,  fig.  1,  seems  also  to 
agree  with  this  hypothesis.  The  curious  and  deep  indentation 
of  the  shadow  at  x,  in  that  part  where  it  it  is  projected  on  the 
outer  border  of  the  ring  (7,  is  perfectly  explained  on  the  suppo- 
sition that  this  part  of  the  ring  is  on  a  higher  level  The  same 
shadow,  as  it  appeared  projected  on  the  rings  B  and  J,  also 
clearly  indicates  that  the  plane  of  these  zones  is  on  a  lower  level. 

In  order  to  find  the  shape  of  the  surface  of  the  rings  from  the 
observation  of  the  form  of  the  shadow  thrown  by  the  planet,  I 
have  experimented  on  a  miniature  representation  of  Saturn, 
illuminated  by  a  lamp  occupying  the  position  of  the  sun,  while 
my  eye  occupied  the  position  of  the  earth.  By  successive  trials 
in  altering  the  shape  of  the  miniature  rings,  I  have  soon  found 
what  must  be  the  form  of  the  rings  in  order  to  give  to  the 
shadow  the  same  appearance  which  had  been  observed  on  the 
planet;  and  the  result  agrees  with  the  explanation  already  given. 

From  the  form  of  the  shadow  as  it  has  appeared  at  different 
times  during  the  last  four  years,  and  from  the  experiment  just 
mentioned,  it  seems  pretty  clear  to  me,  that,  from  the  inner  mar- 
gin of  the  dusky  ring  F^  the  thickness  gradually  increases 
until  it  reaches  the  extreme  border  of  the  ring  CJ  where  it  gently 
decreases,  as  indicated  by  the  rounding  of  the  shadow  at  this 
point ;  after  which  it  sinks  perpendicularly  down,  until  it  comes 
even  with  the  general  level  of  the  rings  B  and  A.  The  slightly 
curved  appearance  of  the  shadow  of  the  planet  during  the  pres- 
ent year,  with  its  concavity  turned  towards  its  globe,  also  sup- 
ports this  hypothesis. 
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Though  in  general,  the  level  of  the  ring  C  is  always  higher 
than  that  of  the  rest  of  the  system,  it  does  not  seem,  however, 
to  be  uniform  and  permanent,  but  varies,  either  by  the  rotation 
of  the  rings  upon  an  axis,  or  by  some  local  changes  in  the  cloud- 
forms  themselves ;  as  in  several  instances  I  have  observed  quite 
rapid  and  striking  changes  taking  place  during  the  course  of 
one  evening  in  the  indentation  of  the  shadow  shown  at  x,  fig.  1. 
Sometimes  the  indentation  appeared  to  increase,  indicating  a 
higher  level;  and  sometimes  to  decrease,  indicating  a  lower 
level 

That  the  thickness  of  the  rings  is  increasing  from  the  interior 
margin  of  the  dusky  ring  to  the  outer  border  of  the  bright  ring 
(7,  seems  to  be  corroborated  by  the  phenomena  which  I  have 
observed  on  the  dusky  ring,  and  of  which  I  shall  speak  pres- 
ently. 

On  all  favorable  occasions,  I  have  made  careful  searches  on  the 
dusky  ring  for  the  divisions  suspected  by  Bond ;  but  I  have  never 
had  the  fiedntest  glimpses  of  them.  The  dusky  ring  appears 
to  me  to  be  continuous,  though  it  is  certainly  not  of  the  same 
thickness  throughout  Whatever  may  be  the  material  of  which 
this  ring  is  composed,  it  is  quite  rarefied ;  and  it  becomes  more 
and  more  so  as  it  approaches  its  inner  margin.  There,  it  seems 
to  be  composed  of  discrete  particles,  each  of  which  reflects  the 
light  separately  ;  and  by  applying  hi^h  powers  to  telescopes  of 
large  aperture,  I  have  had  the  impression  that  the  supposea  par- 
ticles were  more  widely  separatea  by  the  increase  of  magnifying 
power.  I  do  not  pretena  to  have  seen  distinct  and  isomted 
particles  in  the  duskv  ring ;  but  by  instants  my  impressions 
nave  been  so  decided,  that  it  seemed  as  if  only  a  little  more 
favorable  conditions  were  required  to  enable  me  to  see  separate 
corpuscles  of  matter.  The  appearance  was  somewhat  like  fine 
particles  of  dust  floating  in  a  ray  of  light  traversing  a  dark 
chamber. 

The  inner  border  of  the  dusky  ring,  notwithstanding  its  dark 
appearance,  is  sharply  defined  on  the  dark  sky  within  the  ansae ; 
but  it  loses  this  sharpness  of  outline  in  that  part  which  is  seen 

Srojected  upon  the  disk  of  the  planet     There  it  appears  very 
iflxised  ana  ill-defined. 

The  inner  border  of  the  dusky  ring,  as  seen  within  the  ansae, 
forms  a  part  of  a  perfect  ellipse  concentric  with  the  other  rings ; 
but  these  graceful  curves  are  remarkably  and  quite  abruptly 
distorted  where  they  enter  upon  the  disk  of  the  planet  at  m  and 
jt>,  fig.  1.  At  these  points,  they  are  seen  turning  up  rapidly, 
describing  a  short  curve;  after  which  they  continue  parallel 
with  the  curves  of  the  other  rings  until  they  meet  at  h.  If  the 
ellipse  described  within  the  ansae  should  cross  the  planet  with- 
out any  deflection,  it  would  be  seen  along  the  dotted  line,  fig. 
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1,  and  pass  through  n ;  while,  on  the  contrary,  it  is  seen  above 
at  fu 

I  was  surprised,  at  first,  by  this  singular  phenomenon ;  but  I 
at  last  satisiSed  myself  with  the  following  explanation :  If  we 
conceive  the  dusky  ring  to  be  made  up  either  of  vapors  or  of 
numerous  small  independent  solid  bodies,  and,  moreover,  if  we 
conceive  the  thickness  of  this  ring  as  increasing  from  its  interior 
margin  to  its  outer  limit,  we  shall  have  an  easy  explanation  of 
the  observed  phenomena.  When  the  matter  composing  this 
ring,  whether  solid  or  gaseous,  is  seen  projected  upon  the  disk 
of  tne  planet  brilliantly  illuminated,  it  will  be  lost,  and  wiU  in- 
dividually disappear,  absorbed  by  the  irradiation  of  the  bright 
light  surrounding  it,  and  it  will  remain  visible  only  at  that  part 
where  it  forms  a  stratum  thick  enough  to  overpower  the  effect 
of  irradiation. 

The  &ct  that  the  distortion  of  the  inner  margin  of  the  dusky 
ring  is  not  abrupt  at  m  and  p,  where  it  enters  upon  the  disk, 
but  is  gradual,  seems  to  prove  that  the  planet  is  less  luminous 
on  its  border  than  elsewhere,  providing  the  above  explanation 
holds  good ;  and  this  may  be  owing  to  the  absorption  caused 
by  an  atmosphere  surrounding  the  planet 

Bond  has  represented  the  limb  of  the  ^lobe  of  Saturn  as  seen 
through  the  whole  width  of  the  dusky  nn^.  In  this  he  agrees 
with  all  previous  observers.  All  the  drawings  of  Saturn  repre- 
sent the  limb  of  this  planet  as  plainly  and  equally  visible  through- 
out the  dusky  ring,  becoming  invisible  only  where  it  enters 
under  the  internal  margin  of  the  ring  E,  In  Bond's  memoir, 
it  is  positively  stated  that  Mr.  Tuttle  saw  the  limb  of  the  planet 
through  the  whole  width  of  the  dusky  ring.  If  these  observa- 
tions are  correct, — as  without  doubt  they  are, — the  solid  parti- 
cles, vapors  or  gases,  composing  this  ring,  must  have  undergone 
some  changes  of  position  since  Bond's  time ;  as  by  using  the 
same  instrument,  and  even  one  of  almost  double  the  aperture, 
I  have  not  been  able  to  confirm  these  observations. 

During  the  last  four  years,  I  have  never  been  able  to  see  the 
limb  of  the  planet  Saturn  under  the  dusky  ring,  beyond  the 
middle  of  its  width.  As  it  enters  under  it  at  m  and  p,  it  re- 
mains quite  distinct  for  a  short  distance ;  but,  as  it  advances 
farther  m,  it  diminishes  gradually  ;  and  it  entirely  vanishes  at 
about  the  middle,  at  u  and  v;  as  if  the  matter  composing  the 
dusky  ring  was  more  dense  or  thicker  towards  its  outer  border. 
This  observation  has  been  so  carefully  made,  and  so  many  times 
repeated,  the  phenomenon  has  been  so  distinctly  seen,  that  there 
is  not  the  least  doubt  in  my  mind  as  to  its  reality.  Therefore 
it  seems  pretty  certain  that  changes  have  lately  taken  place  in 
the  distribution  of  the  matter  composing  the  dusky  ring. 

As  already  shown,  the  substance  composing  the  dusky  ring 
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does  not  seem  to  be  uniformly  distributed;  but  seems  moreover 
to  be  agglomerated  here  and  there  into  denser  masses,  which  I 
have  onen  recognized  upon  that  part  of  the  dusky  ring  crossing 
the  planet  between  u  and  v.  Tnese  supposed  agglomerations 
appeared  as  dark  masses,  intercepting  the  light  of  the  planet 
Tins  phenomenon  could  not  be  attributed  to  dark  markings  on 
the  planet,  seen  through  the  dusky  ring;  since  there  are  no 
markings  so  dark  and  so  small  on  &itum.  Neither  could  they 
be  produced  by  the  dark  bands  sometimes  surrounding  the  globe 
of  Saturn,  as  some  traces  would  have  been  detected  on  the  edge 
of  the  dusky  ring,  since  these  bands  are  usually  wider  than  the 
transparent  part  of  the  dusky  ring. 

Of  the  planet  itself  I  have  little  to  say.  It  has  certainly  a 
mottled  or  cloudy  appearance,  like  Jupiter.  The  clouds  of  Sat- 
urn are  more  finely  oivided,  like  certain  forms  of  the  cirri  clouds 
of  our  own  atmosphere.  The  cloudy  appearance  of  Saturn,  of 
course,  is  not  so  easily  seen  as  that  of  Jupiter.  It  always  re- 
quires a  good  steady  night  to  see  it 

I  have  never  seen  the  planet  striped  with  a  large  number  of 
parallel  bands,  such  as  some  observers  have  described.  Three 
or  four  form  the  extreme  limit  Nor  have  I  seen  the  bands  so 
conspicuously  marked,  so  r^ular,  so  distinct  in  outline,  and  so 
dark ;  the  e(|uatorial  band  being  always  by  far  the  most  con- 
spicuous, while  the  others  were  barely  perceptible.  The  equa- 
torial belt  has  always  appeared  to  me  to  be  slightly  tinged  with 
a  delicate  carmine  red,  very  much  like  the  equatorial  belt  of 
Jupiter ;  only  the  pink  color  of  the  former  is  much  fainter.  In 
no  instance  could  I  compare  the  color  of  this  band  to  *^  brick 
red,"  as  it  is  commonly  described. 

Like  the  equatorial  belt  of  Jupiter,  that  of  Saturn  is  variable 
in  width,  and  changes  its  form  as  well  as  its  position.  It  is 
usually  composed  of  two  grayish,  irregular  bands,  forming  its 
limits  north  and  south,  between  which  are  seen  flocculent  pink- 
ish cloud-forms. 

The  general  color  of  the  planet  differs  from  that  of  the  rings, 
in  being  of  a  slight  warm  brown  in  which  there  is  a  yellowish 
tinga  The  contrast  of  color  with  the  rings  is  better  seen  by 
the  use  of  very  high  powers. 

To  conclude :  my  observations  show, — 

I.  That  the  inner  margin  of  the  ring  B,  limiting  the  outer 
border  of  the  principal  division  has  shown  on  the  ansae  some 
singular  dark  angular  forms ;  which  may  be  attributed  to  an 
irregular  and  jagged  conformation  of  the  inner  border  of  the 
ring  5,  either  permanent  or  temporary. 

n.  That  the  surface  of  the  rings  A^  -B,  and  C,  has  shown  a 
mottled  or  cloudy  appearance  on  the  ansae  during  the  last  four 
years. 
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III.  That  the  tbickaess  of  the  system  of  rings  is  inoressing 
from  the  inner  margin  of  the  dusky  ring  to  the  outer  border  of 
the  ring  (7,  as  prov^  by  the  form  of  the  shadow  of  the  planet 
thrown  upon  tne  ringa 

lY.  That  the  cloud-forms  seen  near  the  outer  border  of  the 
ring  C  attain  different  heights,  and  change  their  relative  pontion, 
either  by  the  rotation  of  the  rings  upon  an  axis,  or  oy  some 
local  cause ;  as  indicated  by  the  rapid  changes  in  the  indenta- 
tion of  the  shadow  of  the  planet. 

Y.  That  the  inner  portion  of  the  dusky  ring  disappeeifl  in 
the  light  of  the  planet  at  that  part  which  is  projected  apon  its 
disk. 

YI.  That  the  planet  is  less  luminous  near  its  limb  than  in 
the  more  central  parts,  the  light  diminishing  gndoaUy  in  ap- 
proaching the  border. 

YII.  That  the  dusky  ring  is  not  transparent  throoghont,  con- 
trary to  all  the  observations  made  hitherto ;  and  that  it  grows 
more  dense  as  it  recedes  from  the  planet :  so  that,  at  about  the 
middle  of  its  width,  the  limb  of  the  planet  ceases  entirely  to  be 
seen  through  it 

YIIL  And,  finally,  that  the  matter  composing  the  dusky 
ring  is  agglomerated  here  and  there  into  small  manoOB,  whicb 
almost  totally  prevent  the  light  of  the  planet  from  reaching  the 
eye  of  the  observer. 

Cambridge,  Dec  1,  1876. 


Art.  LIX. —  Curve  of  Eccentricity  of  the  EarOCs  orbit;  R  W. 

McFarland. 

The  diagram  on  the  following  page  gives  the  curve  of  eccen- 
tricity as  found  in  CrolTs  work,  and  also  in  Stockwell'&  The 
former  was  computed  with  a  view  of  explaining  the  climate  of 

fiast  time;  the  latter,  in  examining  the  moon's  mean  motion. 
t  will  be  seen  that  the  curves  have  the  same  general  form,  dif- 
fering in  the  value  of  the  ordinates,  more  than  in  the  position 
of  the  maximum  and  minimum  points.  I  have  recomputed 
the  values  by  Le  Verrier's  old  formulae,  and  find  Orolls  figures 
correct  in  most  cases,  and  not  in  error  to  the  amount  of  '001 
except  in  one  instance.  My  work  extends  over  1,100,000  years, 
and  is  for  points  nearer  together  than  CrolPs.  StockwelFs  is 
doubtless  nearer  correct  than  the  other,  but  there  is  substantial 
agreement  The  two  curves  for  the  last  40,000  years,  and  for 
the  next  30,000,  are  almost  identical ;  so  nearly  is  this  the  case, 
that  only  one  line  is  drawn  in  the  figure  for  those  periods. 
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The  foUowiDg  table  gives  the  difference  between  perihelion 
and  aphelion,  the  sun's  mean  distance  being  92,000,000  miles. 

Before  1850.                     CrolL  StockweO. 

jean.                          siileB.  ndleB. 

175,000  8,400,000  6,760,000 

160,000  6,700,000  5,150,000 

140,000  6,360,000  4,910,000 

120,000  7,920,000  6,590,000 

100,000  8,700,000  7,400,000 

80,000  7,320,000  6,290,000 

At  40,000  the  difterenee  disappears. 

Ohio  Agricultural  and  Mechanical  College,  OolumbuB,  April,  1876. 


Art.  LX. — On  a  Bolide  of  January  81«<,  thai  passed  over 
Kentucky  ;  by  J.  LAWRENCE  SMITH. 

On  the  afternoon  of  the  Slst  of  January,  at  five  and  one-half 
o'clock,  while  crossing  one  of  the  streets  of  Louisville,  my  at- 
tention was  suddenly  arrested  by  a  magnificent  meteor  crossing 
the  heavens.  I  first  saw  it  at  60°  above  the  horizon,  and  it  dis- 
appeared to  my  view  behind  the  houses  at  an  elevation  of  about 
20  .  It  was  pear-shaped,  and  very  bright,  and  remained  in 
view  for  two  or  three  seconda  Its  apparent  size  was  about  one- 
sixth  that  of  the  disk  of  the  moon.  It  did  not  separate  while 
under  my  observation,  nor  did  I  hear  any  noise.  On  asking, 
through  the  medium  of  the  public  prints,  for  the  observations 
of  others,  I  received  some  fifteen  communications,  from  an  area 
one  hundred  and  twenty  miles  in  diameter. 

To  a  number  of  the  observers  an  explosion  was  visible,  pro- 
ducing several  flashes  of  light,  of  different  colors.  This  oc- 
curred about  ten  degrees  2U)ove  the  horizon.  On  exploding, 
all  the  fragments  disappeared  instantly  except  the  largest,  which 
also  disappeared  before  reaching  the  horizon.  Some  observers 
saw  sparts  flying  off"  from  the  ball,  and  a  short  stream  of  light 
behind  it.  One  or  two  think  they  heard  a  whizzing  noise  and 
at  the  time  of  bursting  heard  the  explosion.  All  agree  in  stat- 
ing that  the  direction  was  from  northwest  to  southeast  Nothing 
has  yet  been  heard  of  any  fragments  having  been  collected. 
My  opinion  is  that  it  fell  about  the  range  of  the  Cumberland 
Mountains  in  Kentuckv,  or  in  the  northeast  of  Tennessee. 

This  is  the  third  bolide  in  three  consecutive  years  that  it  has 
been  my  good  fortune  to  witness,  in  their  passage  over  Louis- 
ville, but  the  fragments  of  none  of  them  nave  been  obtained. 
They  all  were  passing  from  the  northward  to  southward. 
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Art.  LXL — Notes  on  the  Sensitiveness  of  Stiver  Bromide  to  the 
Green  Bays  as  modified  by  the  Presence  of  other  Substances;  by 

M.  Caret  Lea. 

Several  investigations  made  at  different  times  during  the 

S)ast  years  on  the  sensitiveness  of  silver  bromide  to  rays  of  dif- 
ferent refrangibilities,  led  me  to  the  conclusions :  1st,  that  its 
sensitiveness  to  the  different  ravs  could  be  distinctly  modified 
(increased  or  diminished)  by  the  presence  of  various  bodies, 
colored  and  colorless;  2d,  that  no  relation  could  be  traced 
between  the  color  of  the  modifying  body  and  the  refrangi- 
bilities of  the  rays  to  which  the  sensitiveness  was  modified. 
During  the  past  winter,  I  have  carefully  re-examined  the  ques- 
tion, which  IS  an  important  one  both  in  its  theoretical  and  prac- 
tical relations,  and  nave  found  my  conclusions  in  all  respects 
confirmed.  And  I  have  during  the  past  winter  been  occupied 
with  a  single  portion  of  the  subject,  namely,  the  action  of  the 
green  rays,  as  a  special  study. 

In  this  investigation  I  have  pursued  the  same  general  method 
as  before ;  that  is,  I  have  used  colored  glass  whose  transmitted 
rays  have  been  carefully  studied  with  the  spectroscope.  There 
is  no  doubt  in  my  mind  that  this  method  of  examination  is 
capable  of  giving  results  as  valuable  as  those  obtained  by  the 
use  of  the  spectrum.  It  may  be  said  in  fact  that  the  subject 
requires  for  its  full  elucidation,  the  use  of  both  methods.  To 
those  who  may  imagine  that  the  results  of  the  exposure  to  the 
spectrum  are  the  more  reliable,  it  may  be  interesting  to  have 
specified  the  weak  points  of  that  method. 

The  relative  strength  of  the  impression  produced  by  different 
portions  of  the  solar  spectrum  on  a  sensitive  surface  will  always 
depend  upon  the  intensity  of  the  light  employed  and  the  length 
of  exposure.  It  has  already  been  proved  that  silver  iodide 
and  bromide  are  sensitive  to  every  part  of  the  spectrum.  It 
follows  that  any  and  everv  part  of  the  spectrum  may  be  photo- 
graphed upon  plain  iodide  or  bromide  if  only  the  exposure  is 
sumciently  prolonged.  The  longer  the  exposure,  the  stronger 
will  be  the  impression  produced  by  the  less  refrangible  rays  as 
compared  with  the  more.  Also,  it  is  known  that  by  a  system 
of  masking,  Prof.  John  Draper  has  succeeded  in  photographing 
the  whole  spectrum  at  once ;  that  is  to  say,  he  was  able  to  hold 
back  the  action  of  the  more  refrangible  rays  until  that  of  the 
less  was  sufficiently  strong.  The  masking  was  of  course  done 
with  red  or  yellow  media.  Now,  when  pigments  of  these 
colors  are  extended  over  sensitive  films,  what  is  this  but  a  sort 
of  masking,  which  retards  the  action  of  the  more  refrangible 
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rays  while  fireely  permitting  that  of  the  less  ?  Even  supposing 
these  pi^ents  to  be  chemically  inert  they  would  check  the 
action  of  the  blue  end  of  the  spectrum  ana  render  it  possible 
by  a  longer  exposure  to  obtain  both  together.  Even  a  longer 
exposure  would  not  be  absolutely  essential,  a  more  powerful  or 
a  longer  development  may  take  its  place,  being  rendered  possible 
by  the  diminished  impression  of  tne  blue  end. 

If,  then,  it  is  allegea  that  by  coloring  a  film  of  silver  bromide 
with  red  pigments,  the  sensitiveness  to  yellow  rays  is  increased, 
we  are  at  once  moved  to  reply  that  such  a  result  is  no  proof  of 
a  chemical  or  photochemical  action  exerted  by  the  red  pigment; 
that  precisely  the  same  result  might  be  expected  if  the  red  sub- 
stance were  chemically  inert,  or  if  it  were  extended  over  a  glass 
surface  and  simply  interposed  in  the  path  of  the  rays,  between 
the  prism  and  the  film,  without  even  coming  into  contact  with 
the  latter.  Man^  results  that  have  been  published  are  liable  to 
this  fatal  objection.  It  has  been  proposed  to  modify  the  fonn 
of  experiment  by  applying  the  color  to  the  front  oi  the  plate 
and  exposing  on  tne  back,  through  the  glass.  But  even  this 
does  not  remove  the  difficulty.  The  collodion  film  containing 
the  silver  bromide  is  exceeaingly  thin  and  when  moistened, 
very  porous  and  absorbent  Any  soluble  color  applied,  dissolved 
in  water  or  alcohol,  instantly  penetrates  it  through  and  through 
and  even  moistens  the  glass  under  it  And  all  the  colore 
mentioned  by  other  experimenters  as  having  been  subjected  to 
this  experiment,  are  solubla  It  is  on  these  results  that  theories 
have  been  based,  and  they  are  all  susceptible  of  full  and  com- 
plete explanation  in  the  manner  just  mentioned. 

In  matters  of  photographic  experiment  such  as  these  now 
under  discussion,  there  are  always  three  distinct  factors :  The 
sensitiveness  of  the  matter,  the  force  of  the  impression  (depend- 
ing upon  the  intensity  of  the  light  and  the  length  of  exposure), 
and  the  development  This  makes  the  investigation  difficult 
and  deceptive.  If  we  take  two  identical  sensitive  films,  and 
submit  them  to  the  same  exposure,  we  may  get  quite  dififerent 
results  by  varying  the  development,  or  with  an  identical  film 
and  development,  by  varying  the  exposure.  The  amount  of 
error  and  deception  liable  to  be  introduced  in  this  way  is  known 
to  none  but  tnose  made  familiar  with  it  by  experience,  and 
consequently  for  accurate  results,  these  sources  of  error  must  be 
eliminated.  There  is  but  one  way  of  doing  this :  a  film  must 
be  taken,  one  portion  of  it  must  be  washed  over  with  the  sub- 
stance whose  action  is  to  be  studied,  and  then  the  two  portions, 
the  plain  and  that  which  has  been  treated,  must  be  sim- 
ultaneously exposed  and  simultaneously  developed.  Both  por 
tions  must  receive  the  same  rays,  of  equal  intensity  and  for  au 
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equal  time,  the  development  must  be  made  by  a  bath  applied 
to  both  portions  equally  and  for  an  equal  tima  If  these  condi- 
tions are  not  maintained,  the  result  will  be  deceptiva  The 
intensity o(  light  must  be  the  same  and  the  duration  of  exposure, 
because  the  relative  eflFect  of  the  different  rays  will  always  be 
proportionate  to  them.  The  same  plate  exposed  to  the  same 
image  for  a  double  time,  or  for  an  equal  time  to  an  image  of 
double  intensity,  will  give  a  final  result  in  which  the  relative 
strengths  are  totally  diff'erent    The  relative  strength  of  different 

farts  of  the  image  is  also  largely  modified  by  the  development, 
am  therefore  justified  in  affirming  that  no  strictly  comparative 
trial  can  be  made  except  the  two  images,  on  the  colored  and  un- 
colored  films,  be  received  on  the  same  plate,  simultaneously 
and  for  the  same  time,  and  be  simultaneously  and  equally  de- 
veloped. 

These  conditions  have  never  yet  been  fulfilled  in  the  case  of 
spectral  observations.  By  the  use  of  colored  glass  they  may  be 
maintained  with  absolute  exactness.  And  when  colored  media 
can  be  obtained  which  exclude  all  but  a  given  band  of  consecu- 
tive rays,  the  effect  of  colored  substances  added  to  the  film  of 
silver  bromide,  in  modifying  its  sensitiveness  to  this  band  of 
rays,  may  be  accurately  fixed.  Having  previously,  with  the 
aid  of  the  spectroscope,  determined  the  exact  character  of  this 
band,  we  are  enabled  to  speak  very  decisively  of  the  action  of 
the  rays  of  which  it  is  composed. 

In  the  present  investigation  I  have  limited  myself  to  a  single 
question :  Does  there  exist  any  red  substance  which  is  capable 
of  increasing  the  sensitiveness  of  silver  bromide  to  the  green 
rays? 

For  the  purpose  of  this  examination,  I  used  three  thicknesses 
of  very  dark  green  glass,  the  limiting  wave-lengths  of  which 
had  been  many  times  measured  with  closely  corresponding  re- 
sults ;  the  widest  variation  was  two  minutes  of  arc,  which  when 
it  is  considered  how  gradually  the  band  fades  out  at  its  borders, 
and  how  veiy  faint  the  illumination  is  at  its  extreme  limits,  is 
fully  as  close  an  approximation  as  could  be  expected.  The  ex- 
treme limits  of  the  band,  measured  to  the  limit  of  visibility, 
were  A497  and  A581.  But  the  extremities  showed  an  illumina- 
tion too  feeble  to  have  any  effectual  result  Cutting  off  the 
very  faint  light,  the  band  was  reduced  to  A517  on  one  side,  and 
A569  on  the  other,  and  the  rays  between  these  limits  may  be 
taken  as  those  whose  results  were  observed. 

In  order  to  register  the  effects  produced,  a  glass  negative  of 

a  suitable  character  was  placed  under  these  three  glasses,  and 

under  the  negative,  a  glass  carrying  the  film  to  parts  of  which 
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the  coloring  matters  had  been  applied.  Complete  contact  was  ob- 
tained by  a  pressure  frame,  and  the  exposure  was  made  directly 
to  the  sun.  With  a  good  sunlight,  in  winter,  the  exposure  was 
about  45  seconds,  corresponding  to  perhaps  20  or  less  of  summer 
light    The  development  was  in  all  cases  the  alkaline,  viz :  pyro- 

fallol,  and  ammonium  carbonate  controlled  with   potassium 
romide. 
As  already  said,  the  main  object  of  the  research  was  to  arrive 
at  a  solution  of  the  question  whether  any  red  pigment  could  be 
found  which  would  enhance  sensibility  to  the  green  rays.    The 
following  were  tried : 

Ammonium  haemateate.  Murexide. 

Santaliue.  Aurine. 

Coralline.  Carminic  acid. 

Rosaniline.  Naphthaline  red. 
Ferric  sulphocyanide. 

In  addition  tx)  these  substances  of  well-established  composi- 
tion, some  pigments  were  tried  whose  commercial  names  are : 

Cardinal  red.  Rou^e  ponceau. 

Saf&aniue.  Bordeaux  claret. 

Cerise. 

With  the  single  exception  of  coralline,  not  one  of  these  sab- 
stances  produced  the  slightest  increase  of  sensitiveness  to  the 
green  rays. 

It  was  my  intention,  in  the  case  of  finding  any  red  pigments 
which  increased  the  sensitiveness  to  green  light,  to  make  a  care- 
ful study  of  their  absorption  spectra  by  means  of  the  spectro- 
scope, but  as  none  such  were  found  except  coralline,  its  spectrum 
only  was  examined. 

The  power  of  coralline,  however,  to  increase  the  sensitiveness 
of  AgBr,  to  green  light,  cannot  be  considered  as  any  function 
of  its  color,  for  two  most  excellent  reasons. 

1.  Coralline  exhibits  a  still  more  marked  tendency  to  increase  the 
sensitiveness  of  AgBr  to  the  red  ray  than  to  the  green.  This  action 
on  the  red  ray  was  observed  and  published  by  me  in  March, 
1875,  and  completely  disproves  of  the  theory  of  any  special 
action  of  coralline  upon  the  green  ray.  There  appears  to  be  a 
heightening  of  sensibility  to  the  less  refrangible  ena  of  the  spec- 
trum, rather  than  to  any  particular  ray. 

2.  The  action  on  green  light  is  not  a  function  of  the  color  of 
coralline,  because  it  is  easy  to  destroy  that  action  without  destroying 
the  color.     This  singular  result  is  accomplished  in  the  following 

Coralline  appears  to  be  the  ammonia  salt  of  a  yellow  acid. 
If  we  place  a  drop  or  two  of  a  weak  acid,  acetic  or  gallic,  in  a 
capsule,  and  add  a  few  drops  of  alcoholic  solution  of  coralline, 
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the  deep  red  color  of  the  solution  passes  to  a  clear  yellow. 
With  the  addition  of  more  coralline  solution,  the  color  reappears 
with  its  fall  brilliancy.  But  the  solution,  if  too  large  a  propor- 
tion of  coralline  to  the  acid  has  not  been  added,  is  found  to  nave 
wholly  lost  its  power  of  exalting  sensitiveness  to  the  green  rays, 
although  the  amount  of  color  applied  be  made  the  same  in  both 
casea 

Absorption  Spectrum  of  Coralline, — With  a  moderately  strong 
solution  and  a  narrow  slit,  the  transmitted  band  is  confined  to 
the  red  rays.  As  dilution  increases,  the  band  widens,  passes 
the  D  lines,  and  transmits  all  the  yellow  ray&  In  all  cases  the 
band  is  continuous,  and  shows  neither  intervals  nor  a  second 
maximum. 

Coralline,  then,  forms  no  exception  to  the  general  rule,  as 
above  deduced  fh>m  the  examination  of  fourteen  substances  of 
strong  red  coloration. 

Action  of  Colorless^  or  nearly  Colorless^  Substances  on  the  Sensitive- 
ness to  Oreen  Bays. 

The  following  substances  examined,  gave  an  increase  of  sen- 
sitiveness : 

Potassio  arsenite.  Morphia  acetate. 

Argentic  arsenite.  Tincture  of  capsicum. 

Salicine.  Ammonium  valerate. 

Codeia.  Caffeine  ? 

It  appears,  therefore,  that  it  is  not  among  the  colored,  but 
the  colorless  substances,  that  we  must  look  for  those  capable  of 
enhancing  sensitiveness  to  green  light  While  not  a  single  red 
substance  could  be  found  that  possessed  that  property,  no  less 
than  eight  colorless  substances  exhibited  it 

The  following  substances  neither  increased  nor  diminished 
the  sensitiveness : 

Ammonium  hippurate.  Phloridzin. 

''  mucate.  Parabanic  acid. 

"         malate.  Tincture  of  aloes. 

Plumbic  arsenite.  Potassic  formate. 

It  was  a  little  uncertain  whether  two  of  these  substances, 
phloridzin  and  potassic  formate,  did  not  give  a  slight  increase 
of  sensitiveness. 

The  following  colorless  substances  distinctly  diminished  the 
sensitiveness  to  green  light : 

Brucia.  Gentianine. 

Strychnia.  Podophylline. 

Narcotine.  Aconitine. 

Daturine  (tinct.  of  stramonium.)  Asparagine. 
Acid  ammonium  urate.  Berberine. 

Pipeline. 
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Finding,  therefore,  no  red  substance  capable  as  such  of  in- 
creasing the  sensitiveness  of  AgBr  to  green  light,  and,  on  the 
other  hand,  many  colorless  substances  which  have  that  effect 
I  am  entirelv  confirmed  in  the  opinion  originall  v  expressed  in 
the  pages  oi  this  Journal,  that  there  exists  no  relation  between 
the  color  of  a  substance  and  that  of  the  rays  to  which  it  increases 
the  sensitiveness  of  silver  bromide. 

Philadelphia,  March  13, 1876. 


Art.  LX. — Contributiona  from  the  Sheffield  Laboratory  of  Tale 
College.  No.  XXXIX. — On  the  dhemical  Composition  of 
Durangite  ;  by  Gborge  J.  Brush. 

In  an  article*  on  this  rare  mineral,  published  in  1869,  I 
expressed  the  hope  to  make  further  examination  of  its  chemical 
composition  whenever  sufficient  material  could  be  obtained  for 
this  purpose.  Several  years  elapsed  before  any  new  discoveries 
of  the  mineral  in  Durango  were  made.  I  am  again  indebted  to 
Mr.  Henry  G.  Hanks  of  San  Francisco  for  a  new  supply  of  the 
crystals  obtained  in  recent  explorations.  These  crystals  are 
much  smaller  than  those  previously  examined,  being  from  one 
to  three  millimeters  in  diameter,  and  they  are  of  a  darker  shade 
of  color.  The  former  were  loose  detached  crystals,  while  these 
are  associated  with,  and  in  some  cases  attached  to,  rolled  frag- 
ments of  crystallized  hematite  and  cassiterite.  The  density  of 
the  small  dark  colored  crystals  is  4*07,  while  that  of  the  purest 
of  the  bright  colored  crystals  before  described  is  3*937.  in  all 
other  physical  characters  there  is  a  perfect  correspondence 
between  the  two  varieties. 

The  chemical  examination  of  the  dark  colored  small  crystals 
has  been  undertaken,  at  my  request,  by  my  assistant  Mr. 
George  W.  Hawes,  first  to  estimate  the  amount  of  fluorine  in 
the  mineral,  which  in  two  determinations  he  found  to  be  7*67 
and  7*49  per  cent,  and  Mr.  Hawes  has  also  placed  at  my  dis- 
posal for  tnis  article  a  complete  analysis  of  this  variety  of  the 
mineral.  The  fluorine  was  determined  directly  by  Wohlers 
method  as  modified  by  Fresenius.t  To  determine  the  arsenic 
acid,  and  the  bases,  the  mineral  was  decomposed  by  sulphuric 
acid,  and  the  arsenic  weighed  as  sulphide :  the  alumina,  iron 
and  manganese  obtained  in  the  analysis  were  carefully  ex- 
amined to  ascertain  their  purity.     The  soda  and  lithia  were 

♦This  Journal,  II,  xlviii,  179. 

f  Fresenius'  Quantitative  Analysis  (Johnson's  edition),  p.  406. 
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weighed  as  sulphates  and  then  converted  into  chlorides  and 
separated  by  ether  and  alcohol. 
The  results  of  the  analysis  are  as  follows : 

I.  n. 

Arsenic  acid, 63'11  

Alumina, 17*19  

Ferric  oxide, 9*23  

Manganic  oxide, 2*08  

Soda,--.. 13-06  

Lithia, 0*66  

Fluorine, 7*67  7*49 

102-99 

The  percentage  of  fluorine,  7*67,  corresponds  to  3'23  per  cent 
of  oxygen,  which,  being  subtracted,  the  analysis  foots  up  99*76, 
and  calculating  the  percentages  of  the  elements  we  have  the 

following : 

As        Al        Fe        Mn      Na      Li  0  Fl 

34-63    9-18    6*60    1-46  9*69  0*31  80-33  7*67=99-76 
Atomic  ratio,     *462    -335    -116  -026  *421  -044     1-894  -404 


V-  ■     ^ *    V....^,.....^  V- 


•462  -477  -466  2-298 

Multiplying  this  ratio  by  the  quantivalence  of  the  elements 
we  find  that  the  ratio  of  R :  ft :  As  is  1 : 8  :  6   with  9(0,  Fl.) 

The  formula  may  therefore  be  written  (Na,  Li)'  (Al,  Fe,  Mn) 
As«(0,  Fl,)- 

The  ratio  of  oxygen  to  fluorine  in  the  mineral  is  as  9*4 : 1. 

This  is  a  confirmation  of  the  conclusion  drawn  by  me  from 
the  analysis  of  the  lighter  colored  crystals  described  in  the 
original  paper.* 

The  mean  of  my  two  analyses  gave : 

Arsenic  acid, 64*16 

Alumina, 20*36 

Ferric  oxide, 4*92 

Manganic  oxide, 1*43 

Soda, 11*76 

Lithia,  _ 0*75 

Fluorine,  _„ undetermined 

The  variety  examined  by  Mr.  Hawes  contains  less  alumina, 
and  considerably  more  iron,  which  accounts  for  its  darker  color 
and  slightly  higher  specific  gravity.  His  results  prove  the 
mineral  to  be  an  arseniate  analogous  in  chemical  composition 
to  amblygonite  as  suggested  in  my  previous  paper. 

♦  Loc.  cit. 
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A  BT.  LXin. — TTie  Oeological  Survey  of  Brazil  First  Preliminary 
Report  made  to  the  OounseUor  Tkomaz  Jose  Cbelho  de  Almeida^ 
Minister  and  Secretary  of  State  for  Agriculture,  etc,;  by  Ch. 
Fred.  Habtt,  Chief  of  the  Geol(^cal  Oommission  of  the 
Empire  of  Brazil     Rio  de  Janeiro.     1876.* 

On  the  first  of  May,  last  year  [1875]  I  had  the  honor  of  be- 
ing appointed  chief  of  the  Commission  charged  with  the  under- 
taking of  a  geological  survey  of  the  Empire.  At  the  same 
time  Dr.  Elias  Pacheco  Jordao  was  chosen  assistant,  and 
Messrs.  Orville  A.  Derby  and  Richard  Rathbun  were  appointed 
assistant  geologists.  The  government  having  given  me  author- 
ity, I  engaged,  as  the  photographer  of  the  Commission,  Senhor 
Marc  Ferrez,  photographer  of  the  Royal  Navy. 

While  awaiting  instructions,  and  with  the  permission  of  his 
Excellency  the  Minister  of  Agriculture,  I  went  with  Commander 
R  P.  Wilson  to  the  district  of  Sao  Gongalo,  in  the  southwestern 
part  of  the  province  of  Minas  Geraes,  for  the  purpose  of  in- 
specting the  auriferous  tract  pertaining  to  a  grant  in  which  the 
latter  was  interested.  I  examined  with  care  the  region  between 
Bella  Vista,  on  the  Don  Pedro  II  railroad  and  Sao  Gon5alo, 
including  the  gold  mines  of  that  locality  and  in  the  vicinity  of 
the  city  of  Campanha,  verifying  the  occurrence  of  gold  in  tnree 
distinct  deposits. 

First,  it  is  found  in  gneiss  of  what  appears  to  be  the  upper 
part  of  the  ArchaBan  series  (Lauren tian),  the  metal  being  dis- 
tributed in  more  or  less  irregular  veins,  apparently  conforming 
in  direction  with  the  stratification  of  the  rocks.  Throughout 
this  section  the  gneiss  is  very  much  decomposed,  remaining, 
however,  in  situ,  the  decomposition  at  times  extending  to  a 
depth  of  30  meters  or  more.  While  in  the  solid  gangue  ihe 
proportion  of  gold  is  not  great  enough  to  pay  the  cost  of  work- 
ing, it  has  been  extracted  with  profit  in  many  places  from  the 
decomposed  portion  of  these  same  lodes.  It  is  quite  probable 
that  this  softened  rock  contains  proportionally  more  gold  than 
the  solid   gneiss,  owing  to  the  accumulation  of  the  contained 

*  Translated  and  arranged  for  publication  in  this  Journal  by  Theo.  B.  Comstock, 
Ass't  Professor,  in  charge  of  (Geological  Department,  ComeU  University,  Ithaca, 
N.  Y.  This  document  has  not  yet  been  published  in  Brazil.  A  copy  of  the  orig- 
isal  manuscript  in  the  Portuguese  language  has  been  kindly  funiished  to  the 
translator,  with  full  liberty  of  action.  The  report  has  been  shortened  by  the  omis- 
sion of  not  a  little  concerning  the  details  of  the  Survey,  which  can  have  no  special 
interest  to  the  readers  of  this  Journal  The  mode  of  arrangement  and  constructioD 
of  sentences  differs  somewhat  from  the  original,  but  mainly  in  cases  in  which  con- 
ciseness is  gained  without  the  sacrifice  of  perspicuity.  Statements  of  fact  or 
opinion  will  be  found  to  correspond  as  closely  as  possible  with  the  ideas  of  the 
author.  Explanatory  words  within  brackets  are  added  by  the  translator.  Words 
enclosed  in  parentheses  occur  thus  in  the  original — [t.  b.  o.] 
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metal  of  the  lower  portion  in  this  part  of  the  vein.  Action  of 
this  nature  was  first  demonstrated  oy  Dr.  James  E.  Mills  in  the 
auriferous  district  of  Eio  Grande  do  Sul  and  has  been  confirmed 
by  the  observations  of  Viscount  de  Barbacena  in  his  mineral- 
ogical  studies  of  the  auriferous  gneiss  of  Minas  Geraes. 

Secondly,  the  gold  occurs  in  the  lower  part  of  a  deposit  of 
red  earth,  which  covers  the  whole  surface  oi  this  region.  This 
is  a  mechanical  mixture  of  the  ingredients  of  the  decomposed 
gneiss,  the  local  origin  of  which  is  not  perfectly  evident.  All 
parts  of  the  earth  are  not  equally  rich,  and  the  gold  is  proba- 
oly  distributed  in  some  relation  to  the  outcrops,  as  has  been 
shown  by  Dr.  Mills  in  the  eastern  part  of  the  province. 

Thirdly,  some  gold  is  found  in  the  alluvial  deposits  of  the 
river-valleys,  and  in  the  vicinity  of  the  ancient  excavations  of 
Sao  Gon5alo  and  Campanha ;  the  abundant  "  waste"  also  con- 
tains a  considerable  quantity  of  the  metal. 

Notwithstanding  tne  small  amount  of  gold  and  the  fact  that 
the  richer  deposits  have  already  been  extensively  washed,  this 
section  appears  to  be  worthy  of  scientific  study,  and,  probably, 
bv  the  application  of  methods  similar  to  those  employed  in  the 
dalifornia  jo&icers,  the  region  may  yet  become  productive.  To 
this  end  are  reauired  the  detailed  exploration  of  this  part  of 
the  country,  the  limitation  of  claims  and  the  introduction  of  a 
cheap  metnod  of  extraction.  A  survey  of  the  character  men- 
tioned will  probably  be  soon  made. 

Last  year.  Dr.  Mills  spent  about  six  months  in  the  study  of 
the  auriferous  region  of  Minas  Geraes,  where  he  succeeded  in 
discovering  and  applying  the  law  of  the  distribution  of  gold, 
especially  of  its  occurrence  in  the  series  of  rocks  characterized 
by  the  presence  of  itacolumite, — a  law  extremely  important 
in  its  bearing  upon  the  future  development  of  the  resources  of 
that  province.  This  gentleman  has  promised  to  give  me  a 
complete  report,  in  which  he  will  not  only  enunciate  and  illus- 
trate this  law,  but  will  also  include  all  the  scientific  results  of 
his  interesting  explorations. 

For  several  years  past  I  have  been  engaged  in  the  systematic 
examination  of  the  border  of  the  Brazilian  plateau  for  the  pur- 

f)ose  of  discovering  and  critically  studying  the  different  geo- 
ogical  formations,  which  are  there  better  developed  and  more 
fossiliferous  than  in  the  interior,  being  convinced  that  I  could 
thus  most  quickly  obtain  a  sure  basis  for  the  study  of  the  gen- 
eral geology  of  the  country.  Having  received  instructions  for 
continuing  those  studies  by  beginning  in  the  northern  provinces 
and  proceeding  southward,  I  judged  it  best  to  inaugurate  the 
labors  of  the  Commission  by  the  exploration  of  the  coast  of 
Pernambuco.  On  the  10th  of  July  [1875]  I  left  Rio  for  that 
province,  accompanied  by  Drs.  Jordao  and  Freitas,  and  Senhor 
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Ferrez.  Openiug  a  provisional  laboratory  [in  the  City  of  Per- 
narabuco],  I  commenced  the  examination  of  the  vicinity,  soon 
discovering  limestone  beds  of  the  Cretaceous  formation  con- 
taining many  species  of  fossils^  The  explorations  were  con- 
tinued northward  as  far  as  Catuama.  At  Maria  Farinha,  Cre- 
taceous rocks  were  found  so  rich  in  fossils  that  several  weeks 
were  spent  in  carefully  studying  the  formation,  making  a  map 
of  the  locality,  determining  accurately  the  position  and  se- 
quence of  the  strata,  and  collecting  enormous  quantities  of  fos- 
sils, among  which  are  very  many  new  speciea  Other  col- 
lections were  obtained  from  the  vicinity  of  Olinda,  from 
Iguarassii,  from  the  island  of  Itamaraca,  and  at  Catuama. 

I  studied  with  especial  care  the  limestones  which  are  used 
for  lime-making,  analyses  of  which  will  be  given  in  my  report, 
and  I  am  also  prepanng  for  the  same  report  a  chapter  on  the 
manufacture  of  lime  and  the  construction  of  calcining  furnaces. 

The  examination  of  the  coast  was  then  continued  as  far  as 
Santo  Agostinho,  including  a  reconnoissance  along  the  line  of 
the  railroad  to  Una,  with  excursions  from  several  points  upon 
both  sides.  The  geology  of  this  portion  of  the  country  is, 
however,  extremely  monotonous  ana  of  little  interest 

At  the  same  time  I  examined  carefully  the  reefs  along  the 
coast, — whose  geological  features  are  of  the  highest  importance 
to  the  country.  As  I  have  already  indicated  to  your  Excel- 
lency, these  are  of  two  classes  :  1.  Coral  Beefs,  composed  of  cal- 
careous material  derived  from  the  d^ris  of  certain  species  of 
Polyps,  Acalephs,  and  calcareous  plants,  and  2.  Consolidated 
Pratas  [Beaches],  made  up  of  compacted  siliceous  sand.  The 
reef  of  Pernambuco  is  a  representative  of  the  latter  class 
This  I  examined  very  minutely,  and,  with  the  aid  of  Drs. 
Jordao  and  Freitas,  made  a  map  of  a  portion  of  it  Senhor 
Ferrez,  under  my  clirectioja,  procured  a  fine  series  of  photo- 
graphs exhibiting  its  structure  and  appearance. 

In  the  study  of  these  reefs  a  magnificent  collection  of  corals 
was  obtained,  including  hundreds  of  large  specimens,  with 
many  new  species.  Along  with  these,  and  with  very  little 
trouble,  we  gathered  large  numbers  of  marine  animals,  such  as 
fishes,  Echinoderms,  Crustaceans,  etc.,  etc.,  among  which  there 
is  an  extraordinary  variety  of  unknown  forms. 

In  September  I  went  with  the  members  of  the  Commission  to 
make  a  reconnoissance  along  the  Sao  Francisco  River  to  a  point 
a  little  above  the  rapids  of  Panlo  Affonso.  We  ascendea  the 
river  in  a  sailing-boat  as  far  as  Piranhas,  the  limit  of  navigation. 
At  that  place,  thanks  to  Senhor  Ventura,  we  found  prompt  con- 
veyance to  the  falls,  where  we  remained  eight  days.  Senhor 
Ferrez  took  a  series  of  views  of  the  most  characteristic  points. 
This  was  an  extremely  laborious  task,  and  I  cannot  but  com- 
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mend  him  for  the  firmness  with  which  he  struggled  against 
great  difficulties  and  for  the  good  results  that  he  obtained.  As 
the  rocks  of  the  cachoeira  [rapids]  are  excessively  black  and  the 
water  is  white,  it  was  very  difficult  to  photograph  both  at  the 
same  tima  On  this  account  I  thought  it  better  to  make  several 
separate  photographic  studies  of  parts  of  the  cachoeira  which  could 
be  mounted  as  one  picture.  I  hope  that  I  shall  be  able,  by  means 
of  the  geological,  topographical  and  photographic  material  col- 
lected, to  present  clear  ana  exact  ideas  of  this  wonder  of  Brazil. 

From  this  place  a  trip  was  made  to  the  Serra*  de  Maria  Far- 
inha,  distant  about  five  leguas,^  From  the  summit  of  this  ridge, 
at  an  altitude  of  two  thousand  feet  or  more,  may  be  seen  a  very 
large  portion  of  the  provinces  of  Sergipe  and  Alagoas,  with  parts 
of  the  provinces  of  JBahia  and  Pernambuco,  and  thus  a  very  ac- 
curate idea  of  the  topography  of  the  included  area  may  be  ob- 
tained. All  this  portion  of  the  country  is  composed  of  gneiss 
and  related  rocks,  forming  a  plateau  less  than  one  thousand  feet 
in  height,  and  nearly  level  or  with  very  slight  undulations.  As 
the  region  is  arid,  there  has  been  scarcely  any  decomposition  of 
the  rocks,  and  the  effects  of  water  action  are  not  very  evident, 
owing  to  the  absence  of  rain  during  the  greater  part  of  the  year. 
There  is  no  vegetable  mould,  but  the  rock  is  covered  with  a 
layer  of  sand  a  few  inches  in  depth.  The  vegetation  is  such  as 
is  peculiar  to  arid  plains — gigantic  cactuses,  the  xique-xique^ 
faxeiro^  mandacard^  etc,  being  abundant  The  rivers  run  in  shal- 
low channels,  and  are  completely  dry  during  a  great  part  of  the 
year,  as  are  also  the  small  lagoons  which  abound  on  the  plain  just 
as  upon  its  continuation  in  the  interior  of  Bahia. 

From  point  to  point  peaks  or  short  serras  rise  abruptly  from 
the  plain,  like  islands  in  the  sea,  seldom  attaining  an  altitude 
greater  than  twenty-five  hundred  feet.  In  the  provinces  of  Ser- 
gipe and  Alagoas  the  serras  are  commonly  composed  of  gneiss 
or  some  other  rock  of  the  same  series.  Between  Piranhas  and 
the  rapids,  however,  small  ridges  of  sandstone  are  encountered, 
and  in  the  provinces  of  Bahia  and  Pernambuco,  in  the  neighbor- 
hood of  the  Sao  Francisco  Eiver,  there  are  large  serras  and  high 
ckapadas  [table  lands]  composed  of  the  same  rock.  Such  are 
the  serras  of  Tacaratii.  Long  ago  this  sandstone  covered  the 
whole  of  this  region  ;  but  by  the  action  of  the  sea  during  the 
elevation  of  the  Brazilian  Plateau,  and  afterward  by  the  action 
of  the  pluvial  waters,  these  beds  were  denuded  over  a  large  por- 
tion of  the  country,  leaving  only  the  isolated  fragments  now 
forming  the  table- topped  hills  whicli  abound  in  the  valley  of  the 

♦  The  tenn  aerra,  as  used  in  Brazil,  signifies  a  rocky  ridge,  usually  more  or  leas 
serrated  in  outline,  although  even  table-topped  hills  are  often  thus  designated. — 

[t.  b.  c] 
f  The  Portuguese  legua,  or  league,  is  equivalent  to  nearly  1'6  English  miles. — , 

[t.  b.  c] 


^'t      'r^  -^  .<*- 
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Sao  Francisco.  This  river  once  ran  over  these  beds  at  a  height 
of  one  thousand  feet,  more  or  less,  above  its  present  level,  exca- 
vating its  channel  in  the  sandstone  until  it  had  cut  through  to 
the  gneiss.  Above  the  rapids  the  river  now  courses  almost  over 
the  surface  of  the  plain,  its  channel  being  but  slightly  indented; 
but  upon  arriving  at  the  rapids  it  is  suddenly  precipitated  by  a 
series  of  magnificent  waterralls  through  an  exceedingly  narrow 
gorge,  the  depth  of  which  immediately  below  the  rapids  is  from 
80  to  90  meters.  This  gorge,  or  caflon,  with  its  walls  nearly  or 
quite  vertical,  extends  as  far  as  Piranhas,  the  river  in  this  por- 
tion being  much  broken  by  rapida  Below  Piranhas  the  nver 
valley  still  maintains  its  cafion-like  character,  although  its  width 
is  increased. 

Like  Niagara,  these  falls  are  slowly  retroceding,  but  in  a  dif- 
ferent manner.  *  *  «  «  * 

At  the  Cachoeira  de  Paulo  Afibnso  the  water  passes  over 
gneissic  rocks.  These  do  not  here  suffer  decomposition  or  disin- 
tegration by  frost,  but  they  are  much  eroded  by  transported  sand 
and  stones,  which  produce  Extraordinary  efifects,  by  excavating 
innumerable  pot-holes  that  soon  communicate  and  allow  masses 
of  the  rock  to  fall  away.  In  my  final  report,  the  region  of  the 
cachoeira  will  be  very  carefully  described,  as  well  as  tne  geology 
andphysical  geography  of  the  lower  Sao  Francisco. 

We  returned  to  Pernambuco  at  the  end  of  six  weeks,  and  a 
few  days  later  the  bulk  of  the  collections,  filling  sixty  large  boxes, 
were  sent  to  Rio  de  Janeiro. 

Dr.  Jordao  becoming  ill  at  this  juncture,  I  permitted  him  to 
return  to  the  capital  [Rio.]  As  my  two  assistants,  Messrs.  Derby 
and  Rathbun,  had  not  yet  arrived,  and  beginning  to  feel  the  need 
of  help,  I  called  upon  my  former  assistant,  Mr.  John  Cagp^ 
Branner,  who,  being  then  in  Rio,  came  at  once  to  my  aid,  per- 
forming very  valuable  services.  He  is  still  employed  by  the 
Commission. 

After  shipping  the  collections,  I  returned  to  Maria  Farinha, 
with  Dr.  Freitas  and  Mr.  Branner,  in  order  to  finish  the  study  of 
the  Cretaceous  beds  and  to  examine  the  coral  reefs.  In  ten  days 
we  returned  again  to  Recife  [another  name  for  the  city  of  Pernam- 
buco] with  a  large  vessel  loaded  with  fossils,  etc.  Having  been  in- 
formed that  your  Excellency  desired  to  exhibit  some  of  the  re- 
sults of  the  Commission  at  the  National  Exposition  [held  at 
Rio  Janeiro,  January,  1876]  the  new  collections  were  packed  in 
seventy  more  cases,  and  I  returned  with  them  to  the  capital  in 
December,  accompanied  by  Senhor  Ferrez.         *  * 

While  at  Pernambuco,  I  procured  a  large  barque  from  Mr. 
Frederico  Soares,  of  Maria  Farinha,  and  sent  Dr.  Freitas  and  Mr. 
Branner  to  explore  the  geology  of  the  coast  and  its  reefs  as  far  as 
Parahyba  do  Norte, — a  trip  which  was  made  with  good  results. 
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Afterward,  Dr.  Freitas  returned  to  Iguarassn,  where  he  obtained 
a  fine  collection  of  Cretaceous  fossils,  including  many  specimens 
of  shark's  teeth  and  of  the  teeth  of  an  enormous  reptile  which  is 
unknown  to  ma  Mr.  Branner  then  continued  his  study  of  the 
coast  south  of  the  Cape  of  Santo  Agostinho,  examining  the  reefs, 
fix)m  which  he  has  sent  me  an  interesting  collection  of  corals  and 
other  objects,  embracing  many  new  species.  He  also  sent  pho- 
tographs of  a  number  of  important  points.  In  the  beginning  of 
February  [1876],  Messrs.  Freitas  and  Branner,  after  sending  me 
forty  additional  boxes  of  specimens,  went  to  Aracaju,  in  the 

Erovince  of  Sergipe,  to  study  the  Cretaceous  deposits.  They 
ave  already  [March  5]  made  a  large  collection  oi  fossils,  espe- 
cially ol  Ammonites,  Ceratites,  NaticdyJanira,  eta,  with  numerous 
forms  not  before  obtained  from  Brazil.  *  * 

Upon  arriving  at  Rio  de  Janeiro,  a  building  was  hired,  the 
collections  were  unpacked,  and  I  began  to  arrange  a  series  of 
roecimens  for  the  Exposition,  Dr.  Mills  assisting  me  in  the  work. 
About  the  middle  of  the  month  [December,  1876]  Messrs.  Derby 
and  Rath  bun  arrived,  bringing  new  collections,  including  a  typi- 
cal series  of  the  Carboniferous  and  Devonian  fossils  of  the  Ama- 
zonas  and  some  North  American  fossils  to  compare  with  them. 
These  gentlemen  at  once  aided  me  in  the  preparations  for  the 
Exposition,  and  while  this  lasted  they  took  charge  of  the  other 
collections.  In  the  meantime  Senhor  Ferrez  mounted  for  the 
Exposition  a  collection  of  one  hundred  photographic  views  and 
prepared  two  albums  containing  a  nearly  complete  series  of  the 
photographs  taken  for  the  Commission.  As  it  was  possible  to 
expose  but  a  small  portion  of  the  collections,  there  were  exhib- 
ited only  a  series  of  the  Cretaceous  rocks  and  fossils,  with  an- 
other series  illustrating  the  structure  of  the  reefs,  and  the  col- 
lections brought  by  Messrs.  Derby  and  Rathbun.         *         * 

On  the  1st  of  February,  Messrs.  Derby,  Rathbun  and  Ferrez 
were  sent  to  Bahia,  to  commence  the  study  of  the  geology  of  the 
vicinity  and  to  continue  the  examination  of  the  reefs.  They 
established  themselves  at  the  station  of  Plataforma,  and  have  to 
this  date  [March  5]  been  engaged  in  tracing  the  limits  of  the  areas 
occupied  by  the  different  formations  at  the  northern  part  of  the 
Bahia  de  Todos  os  Santos  [Bay  of  All  Saints],  in  collecting  Cre- 
taceous fossils,  and  in  the  study  of  the  reefs.  Already  they  have 
obtained  a  large  quantity  of  fossils, — teeth,  bones  and  scales  of 
reptiles  and  tislies,  togetner  with  Mollusks  and  Crustaceans.  In 
connection  with  the  study  of  the  recent  formations  and  the  reefe, 
they  have  also  made  a  splendid  collection  of  marine  animals. 

Two  years  ago,  Mr.  Herbert  H.  Smith,  one  of  my  assistants 
on  the  Morgan  Expedition  of  1870,  was  engaged  in  scientific 
studies  in  the  province  of  Para  [on  the  Lower  Amazonas],  in 
some  measure  under  my  direction.     Since  that  time  he  has 
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ithered  a  very  extensive  collection  of  insects,  numbering,  as 
le  assures  me,  many  thousands  of  speciea  This  collection  is 
now  owned  by  Mr.  Smith,  and  it  is  of  so  great  value  that  I  feel 
it  my  duty  to  call  the  attention  of  your  Excellency  to  the 
matter,  suggesting  that  it  may  be  advisable  to  take  steps  to- 
ward securing  at  least  a  complete  set  of  the  species  for  the 
National  Museum. 

In  accordance  with  the  request  of  your  Excellency,  I  ac- 
cepted the  Directorship  of  the  geological  section  of  the  National 
Museum.  After  inauguratinff  the  plan  and  arranging  the  work 
for  my  assistant  during  my  absence,  I  propose  to  leave  the  city 
to  continue  my  studies  in  the  north. 

My  prospective  journey  is  as  follows:  to  leave  Bahia  for  the 
diamond  fields,  and  after  examining  these  to  proceed  as  far  as 
the  Rio  Sao  Francisco,  to  a  point  not  yet  determined.  I  intend 
to  visit  the  watershed  between  the  Sao  Francisco  and  Tocantins 
rivers  and  to  determine  its  character,  afterward  descending  the 
Sao  Francisco  to  the  vicinity  of  the  rapids  of  Paulo  Afifonsa 
From  thence  I  expect  to  make  a  trip  to  the  Serra  de  Araripe, 
and  then  to  visit  the  locality  of  fossil  fishes  to  examine  tne 
Serra  de  Ybiapaba,  striking  the  sea  coast  probably  at  Ceara. 

After  making  this  expedition  and  reviewing  the  work  of  the 
assistants,  who  will  be  left  along  the  coast  in  the  provinces  of 
Bahia,  Sergipe  and  Alagoas,  I  ought  to  have  a  somewhat  clear 
idea  of  the  general  geology  of  the  northeastern  portion  of  the 
empire,  a  region  concerning  which  we  have  now  very  little  in- 
formation. This  journey  will  probably  occupy  about  four 
months.  At  the  close  of  the  exploration  I  propose  to  return  to 
Rio  de  Janeiro  with  the  members  of  the  Commission  to  arrange 
and  describe  the  collections  and  to  prepare  a  report  in  extenso 
upon  all  the  results  obtained  by  the  Commission  with  descrip- 
tions and  engravings  of  a  large  number  of  Brazilian  fossils. 

Addendum  by  the  Translator. 

A  letter  received  from  Professor  Hartt,  bearing  date,  Rio  de 
Janeiro,  March  25,  1876,  gives  some  particulars  concerning  the 
work  accomplished  since  the  writing  of  the  foregoing  report. 
He  states  that  Messrs.  Derby  and  Rathbun  have  met  with  most 
excellent  results  at  Bahia,  while  Dr.  Freitas  and  Mr.  Branner 
have  made  yet  another  very  large  collection  of  Cretaceous  fos- 
sils from  the  Marciim  region.  Mr.  H.  H.  Smith  had  also  done 
characteristic  work  upon  the  Amazonas,  amassing  extended 
and  valuable  collections.  Professor  Hartt  himself  was  about 
ready  to  start  for  the  interior. 

By  the  same  mail  a  letter  was  received  from  Mr.  O.  A.  Derby, 
dated  Santo  Amaro,  near  Bahia,  March  26,  1876.  He  writes: 
"  We  have  found  some  rich  deposits  of  Cretaceous  fishes  and 
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reptiles  in  this  vicinity  and  are  working  them  up  with  care.  I 
do  not  know  as  yet  what  we  have,  but  am  certain  of  several 
species  of  Crocodiles  and  think  we  have  Iguanodon.  *  *  * 
Branner  reports  quantities  of  fine  Cretaceous  fossils  from  the 
Province  of  Sergipe,  where  he  is  now/'    «*«***« 

"  We  are  now  engaged  in  an  exploration  of  the  bay  [Bahia 
de  Todos  os  Santos]  and  are  in  a  little  town  four  hours  by 
steam  from  the  city  [Bahia].  The  geology  of  this  vicinity  is 
mainly  Cretaceous  and  Tertiary  and  quite  interesting,  though 
one  should  have  a  dozen  pairs  of  eyes  to  study  it.  Sections  are 
hard  to  find  and  when  found  more  difficult  to  understand 
properly.  The  rock  is  much  decomposed  and  about  a  dozen 
oiflFerent  things  present  almost  the  same  appearance  when  in  a 
state  of  decomposition.'' 

"  I  have  visited  a  diamond  locality.  *  *  *  They  occur 
in  gravel  which  is  either  late  Tertiary  or  modern." 

A  collection  of  Brazilian  auriferous  ores.  Professor  Hartt 
writes,  will  be  exhibited  at  the  Centennial  Exposition  in  Phila- 
delphia. The  friends  of  the  Professor  will  be  pleased  to  learn 
that  he  has  removed  with  his  femily  to  the  mountains  back  of 
Rio,  where  all  are  safe  from  the  ravages  of  the  yellow  fever. 

Letters  for  the  members  of  the  Commission  should  be  sent 
enclosed  to  Major  O.  C.  James,  Secretario  do  Commissao 
Geologica,  Caixa  no  Correio  No.  126,  Rio  de  Janeiro,  Brazil,  to 
whom  all  business  connected  with  the  survey  may  be  entrusted. 
Questions  which  can  be  answered  by  the  undersigned  will  re- 
ceive due  attention.  Theo.  B.  Comstock. 

lihaca,  N.  Y.,  May  6,  1876. 


Art.  LXrV. — Notice  of  the  Meteoric  Stone  of  WacondOy  Mitchel 
County,  Kansas;  by  Charles  Upham  Shepard,  Sr.,  Massa- 
chusetts Professor  of  Natural  History  in  Amhei'st  College. 

For  ray  first  knowledge  of  the  raeteorite  of  Waconda,  Kansas, 
I  am  indebted  to  Dr.  George  W.  Chapman  of  that  place. 
This  gentleman  wrote  me  on  the  subject  during  my  absence 
from  the  country  the  past  summer,  and  it  was  not  until  lately 
that  the  correspondence  was  renewed  which  has  led  to  the  in- 
formation now  afforded.  From  his  letters  and  a  few  grams  of 
the  stone  transmitted  by  post,  I  am  enabled  to  give  the  follow- 
ing partial  description, — reserving  a  fuller  account  until  my 
return  to  the  nortn,  when  I  expect  to  receive  the  large  mass 
from  which  the  fragments  sent  were  detached. 

The  stone  was  found  two  years  since,  lying  above  ground,  in 
the  grass,  upon  the  slope  of  a  ravine,  at  the  distance  of  two 
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miles  from  the  village  of  Waconda.  Many  pieces  were  then 
broken  from  the  mass,  leaving  about  one-half,  whose  present 
weight  is  fifty-eight  pounds,  half  of  which  is  still  covered  by  the 
original  crust  The  specimens  transmitted  show  a  freshness 
equal  to  that  of  any  newly  fallen  stone,  although  they  came 
from  the  immediate  surfisuje, — a  circumstance  obviously  pointing 
to  the  recentness  of  the  fall.  I  have  known  instances  where 
stones  exposed  only  a  few  weeks  to  the  weather  have  suffered 
a  decided  oxidation,  whereas  no  such  change  seems  to  have  oc- 
curred in  this  case. 

Its  cohesion  is  about  that  of  the  average  among  meteoric 
stones.  In  this  respect,  as  well  as  shade  of  color,  it  corresponds 
very  nearly  to  the  Searsport  (Me.)  stone,  of  May  21,  1871 ;  but 
in  structure  it  differs  by  being  less  oolitic.  Indeed,  it  is  only 
obscurely  so  at  all, — the  individuals  that  are  distinct  being 
rather  granular,  often  with  well-marked  angles,  some  of  whicn 
suggest  the  species  augite ;  others,  those  of  forsterite  (variety 
boltonite).  There  is  considerable  amorphous  whitish  matter 
interposed  among  the  grains  (in  which  they  may  be  said  to  be 
imbedded),  which  is  doubtless  a  mixture  oi  minerals,  and  may 
consist  of  chladnite  with  some  one  or  more  of  the  feldspars. 
The  chamasite  (nickelic  iron)  is  present  in  thickly  scattered, 
very  minute,  rounded,  lustrous  grains,  requiring  for  the  most 

!)art  the  use  of  a  lens  for  their  discovery;  while  the  troilite 
magnetic  pyrites)  is  now  and  then  seen  in  considerable  grains, 
or  ovoidal  aggregations  of  imperfect  crystals.  The  crust  is  rather 
thicker  than  usual,  of  a  dull  iron-black  color,  with  a  slight 
tinge  of  brown,  and  much  crumpled  or  reticulated.  The  spe- 
cific gravity  of  a  fragment  weighing  435  grams  (of  which  two- 
fifths  were  covered  by  crust)  is  8*810 ;  thatof  a  fragment  without 
crust,  weighing  3*57  grams,  is  3*58. 

By  mechanical  analysis  the  stone  gave  5*66  per  cent  of  cha- 
masite, and  1*34  per  cent  of  troilite.  The  earthy  portion  was 
rather  more  than  one-half  decomposed  by  aqua  regia,  the  solu- 
ble portion,  after  the  separation  of  the  sQica,  giving  magnesia, 
and  protoxide  of  iron  (with  a  little  lime)  in  the  usual  proportions 
of  chrysolite.  The  matter  not  attacked  by  acids  probably  be- 
longs to  augite,  some  feldspathic  species,  and  chladnite. 

There  exists  a  rumor  that  a  second  stone  has  been  found, 
twelve  miles  distant  from  the  first;  but  it  lacks  confirmation. 
It  is  very  likely  that  the  exact  date  of  this  meteoric  fall  will 

iret  be  ascertained,  inasmuch  as  it  must  have  taken  place  very 
ately,  and,  without  doubt,  was  attended  with  a  notable  report 

Charleston,  S.  Car.,  March  16,  1876. 
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Art.  LXV. — Paleozoic  subdivisions  on  the  4Qlh  Parallel ;  by 

Clarence  King. 

The  geological  exploration  of  the  fortieth  parallel  has  cov- 
ered an  east  and  west  section  of  the  Cordilleras  from  the  104th 
to  the  120th  meridian,  or  from  the  east  base  of  the  Sockj 
Mountains  to  the  eastern  boundary  of  California,  along  the 
fortieth  and  forty-first  parallels.  The  belt  of  territory  under 
examination  is  a  little  over  one  hundred  miles  from  north  to 
soutii.  Over  the  greater  part  of  this  area  bodies  of  Paleozoic 
rocks  are  observed  at  intervals.  A  considerable  study  of  these 
more  or  less  detached  exposures,  together  with  the  final  deter- 
mination of  a  large  collection  of  moUuscan  fossils,  has  rendered 
it  possible  for  us  to  correlate  the  various  members  of  the  series, 
and  construct  with  considerable  precision  a  complete  Paleozoic 
section.  It  is  the  object  of  this  paper  to  announce  the  strati- 
graphical  divisions  established  in  the  field,  and  their  relation 
to  the  Paleozoic  subdivisions  as  established  in  New  York  and 
in  the  Mississippi  basin. 

It  may  be  well  to  remark  that  along  our  eastern  boundary, 
in  the  r^on  of  the  Bocky  Mountains,  the  entire  Paleozoic 
series — ^including  Coal-measure  beds  and  strata  bearing  Potsdam 
fossils — are  embraced  within  a  section  from  900  to  1200  feet, 
the  whole  entirely  conformable  and  resting  discordantly  upon 
an  ArchaBan  foundation.  In  passing  westward  the  series  rap- 
idly expands  from  1,000  to  82,000  feet  Lithologically,  divis- 
ions which  were  lost  in  the  narrow  Rocky  Mountain  Paleozoic 
zone  are  established  with  great  volume  and  persistency  over 
wide  areas  in  Utah  and  middle  Nevada.  Finally,  in  the  neigh- 
borhood of  Battle  Mountain,  at  longitude  about  117°  25',  an 
ArchsBan  land-mass  rose  to  the  west  of  the  Paleozoic  ocean, 
interrupting  farther  continuance  in  that  direction. 

The  r^on  of  the  Rocky  Mountains  represented  Archaean 
islands  and  shallows,  around  and  over  which  the  sparing  sedi- 
ments were  deposited,  while  toward  the  westward  the  general 
contour  of  the  Paleozoic  ocean  deepened  over  a  broad  basin, 
which  probably  continued  to  a  great  depth  quite  against  the 
western  shore  in  longitude  117°  30'.  To  the  southward,  from 
the  well-known  observations  of  Dr.  Newberry  and  others,  it  is 
evident  that  this  Paleozoic  sea  very  perceptibly  shallowed. 
The  northern  configuration  of  the  bottom  and  the  depth  of  the 
Paleozoic  series  in  at  present  unknown.  It  is  a  striking  fact, 
that  wherever,  within  the  limits  of  this  exploration,  exposures 
are  made, — and  they  are  very  frequent, — from  the  Primordial 
to  the  summit  of  the  Coal-measures,  there  is  never  the  slightest 
unconformity  between  the  various  members  of  the  series.     The 
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key  to  the  subdivision  of  the  whole  Paleozoic  is  obtained  in 
the  Wahsatch  Range,  where  I  have  observed  a  single  section  of 
about  80,000  feet  of  conformable  rocks  extending  from  the 
Perrao-carboniferous  strata,  conformably  underlying  the  red 
sandstones  of  the  Trias,  down  to  low  exposures  of  tne  Cambrian. 

Ignoring  such  minor  subdivisions  as  we  find  to  be  very  vari- 
able and  local,  and  describing  only  such  as  are  observed  to  be 
persistent  and  widespread,  I  will  note  in  their  order  from  the 
oase  of  the  Cambrian  upward  the  important  stratigraphical  sub- 
divisions, with  their  position  in  the  New  York  scheme. 

The  lowest  member  of  the  series  consists  of  a  group  which 
rests  non-conformably  upon  the  Archaean,  and  consists  of  three 
prominent  members  :  the  lowest  is  a  series  of  siliceous  schists 
and  argillites,  best  exposed  at  the  mouth  of  Big  Cottonwood 
Cafion,  in  the  Wahsatch  Range,  and  having  a  total  thickness  of 
from  800  to  1,000  feet ;  over  this  is  a  series  of  quartzite  and 
quartzofeldsitic  strata,  having  limited  beds  of  slate  interspersed 
through  it  and  containing  near  the  top  some  dark  micaceous 
zones,  the  whole  reaching  in  Cottonwood  Cafion  a  thickness  of 
over  12,000  feet :  the  uppermost  member  is  a  narrow  zone  of 
variable  argillites,  calcareous  shales,  and  thin,  slightly  siliceous 
limestones  having  in  the  Wahsatch  an  extreme  thickness  of 
seventy-five  feet.  The  shaley  zone  and  the  accompanying  slates 
carry  fossils  of  well-defined  Primordial  types,  but  the  quartzite 
and  the  deep-lying  slates  have  not  yet  yielded  any  organic 
forms.  We  have  therefore  in  the  Wahsatch  a  series  of  12,000 
feet,  of  which  the  thiri  summit  member  carries  Primordial  fos- 
sils, and  the  vast  underlying  series  is  thus  far  barren.  Com- 
paring the  quartzites  and  argillites  with  those  of  the  Cambrian 
section  in  Wales,  the  likeness  is  too  gre^t  to  pass  unnoticed,  and 
in  view  of  the  enormous  developments  of  these  low-lying 
rocks,  as  compared  with  the  Silurian  lying  above  the  Primor- 
dial horizon,  I  have  determined  to  draw  a  line  at  the  upper 
limits  of  the  Primordial  period  to  include  the  uppermost  mem- 
bers of  the  Potsdam  epoch,  and  to  consider  the  whole  under- 
lying conformable  series  as  Cambrian  down  to  the  point  of  their 
non-conformity  with  the  Archaean.  In  the  extreme  east  of  our 
work,  in  the  region  of  the  Eocky  Mountains,  the  Cambrian 
formation  is  of  variable  thickness  and  nowhere  reaches  an  ex- 
posure of  over  100  feet.  In  middle  Nevada  the  uppermost  zone 
of  the  Cambrian,  equivalent  to  the  calcareous  and  argillaceous 
shales  of  the  Wahsatch,  is  an  immense  body  of  dark  limestones 
at  least  3,000  feet  in  thickness  carrying  Primordial  fossils 
throughout;  the  downward  continuation  of  the  series  being 
there  entirely  hidden  by  the  overlying  Quaternary  desert  The 
fossils  obtained  by  our  survey  from  the  Cambrian  series  are  as 
follows : 
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Lingolepis  Mssr,  n.  sp.  OrepioephaUia  (Loganellus)  simulator, 

'*        7  minuta,  xl  sp.  n.  sp. 

Obolella  disooidea,  n.  sp.  "            (Loganellus)    unisidca- 

'*       sp  ?  tns,  XL  sp. 

Kutorgina  minotissima)  n.  sp.  "           (Bathyums?)  angulataSf 

Paradoxides  ?  Nevadensis  Meek.  n.  sp. 

Conooephalitee      (Ptychoparia)    Ejngi  Chariooephalos  tuxnifrons,  il  sp. 

Meek.  Ptychaspis  pustulosus,  xl  sp. 

Gcmooephalites  (Pterocephalus)  latioepSi  Dioellooephalus  bilobatus,  n.  sp. 

XL  sp.  "               flabellifer,  xl  sp. 

Crepicephalos  (Loganellus)  Axiytus,  xl  sp.  "               mnlticinctus,  xl  sp. 

"                  "     Haguei,  n.  sp.  Agnostos  ooxnxnuxiis,  n.  sp. 

**                  "     granulosus,  xl  sp.  neon,  xl  sp. 

"                  **     maculosus,  xl  sp.  "       prolongus,  xl  sp. 

*'                  "     xiitidns,  n.  sp.  "       tuinidosus,  n.  sp. 

Conformably  overlying  the  summit  shales  of  the  Cambrian  is 
a  body  of  limestone,  which  in  the  Wahsatch  has  a  maximum 
development  of  2^000  feet,  thinning  out  along  the  southern 
part  of  our  belt  of  country  in  the  region  of  the  Little  Cotton- 
wood cafion  of  the  Wahsatch  to  1,000  feet.  This  group,  to 
which  we  have  given  the  name  of  the  Ute  Limestone,  has 
thus  far  yielded  only  fossils  of  the  Quebec  group ;  but  none 
have  been  obtained  from  its  immediate  summit  or  base. 
In  western  Nevada  the  calcareous  shales  of  the  Potsdam 
and  the  limestone  of  the  Quebec  have  enormously  thickened, 
and  the  whole  body  of  Silurian  and  calcareous  upper  Primordial 
represent  from  4,000  to  5,000  feet  of  continuous  limestone,  in 
which  were  found  fossils  of  the  Lower  Helderberg,  Niagara, 
Quebec  and  Primordial.  In  the  Wahsatch  it  is  certain  that  the 
TJte  limestone  is,  with  the  exception  of  possibly  a  few  thin  mem- 
bers at  the  top  and  at  the  extreme  bottom  constituting  an  insig- 
nificant fraction  of  the  whole  zone,  altogether  of  Quebec :  while 
in  the  middle  of  Nevada,  in  the  region  of  White  Pine,  Robert's 
Peak  and  the  Pifion  Mountains,  more  than  half  of  the  heavy 
body  of  limestone  is  Primordial,  a  very  limited  amount  is  Que- 
bec, and  a  very  large  portion  of  the  upper  part  of  the  series — 
exact  horizons  being  yet  undetermined — is  occupied  by  the 
Niagara  and  Lower  Helderberg.  The  Quebec  is  represented  by 
the  following  fossils : 

Lingulepis  EUa,  n.  sp.  Raphistoma  acuta,  il  sp. 

"         or  Lingula,  sp.  ?  Maclurea  minima,  n.  sp. 

OboleUa,  sp  ?  Cyrtolites  sinuatus,  n.  sp. 

Kutorgina,  sp.  undeterminable.  Fusispira  oompacta,  n.  sp. 

Orthis  Pogonipensis,  n.  sp.  Conocephalites  subcoronatus,  n.  sp. 

Leptiena  melita,  n.  sp.  Crepicephalus  (Loganellus)  qua(&an8, 
Strophomena  nemia,  n.  sp.  n.  sp. 

Porambonites  obscurus,  n.  sp.  Dioellocephalus  gothicus,  n.  sp. 
Rhynchonella,  sp.  ?  fragments  only.  '*  quadriceps,  n.  sp. 

Ophileta  complanata,  var  nana  Meek.  "  Wahsatchensis,  n.  sp. 

Euomphalus    (Raphistoma)    rotuliformis  Bathyurus  Pogonipensis,  n.  sp. 

Meek.  Ceraurus?  sp. 

Euomphalus     (Raphistoma)    trochiscus  Ogygia  paraboloidalis,  n.  sp. 

Meek.  "        producta,  n.  sp. 
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The  Niagara  furnishes  the  following : 

Cladopora  sp.  ^resembles  0.  seriata  Edtt),    Atrypa  reticularis  L. 
Orthis  (resembling  0.  hybrida,  DoL,  bat    Atiypa resembles^,  nodostriata.  JSofl. 
of  larger  suse.  Illaenus,  sp.  undet 

The  following  fossils  from  the  Lower  Helderberg  horizon 
were  found : 

Favosites  Helderbergia  EdU,  Strophodonta  punctalifera  Ckm.  t  frag- 

Diphyphyllum,  n.  sp.  ?  ments  only. 

Campophyllum  (impreeeions  onlyX  Spirifera  Yanuzemi  ffaU, 

Grinoidal  columns.  IVematospira  7 

Small  brandling  Bryozoans,  too  indistinct  Ck>lloepira,  new  sp.  (allied  to  G.  imbri- 

for  generic  determination.  cata  Edff). 

Crania,  sp.  undet  Atrypa  reticularis  L. 

Orthis  multistriata  SdlL  Rhynchonella,  sp.  undet 

"    new  sp.,  (resemb.  young  of  0.  ob-  Pentamerus  galeatus  Dal  (frag.  only). 

lata  Hatt).  Oryptonella,  sp.  ?  (fragments  only). 

Directly  overlying  the  Ute  limestone  is  a  quartzite  which  is 
distinctly  developed  in  the  Wahsatch  Mountains,  varying  from 
1,000  to  1,600  leet  thick.  It  is  usually  white  or  pale  green, 
very  fine-grained  and  slightly  schistose  toward  the  top,  and  con- 
tains occasional  zones  of  conglomerate  consisting  of  remarka- 
bly smooth  quartz  pebbles  in  a  fine  siliceous  rnatnx.  From  its 
characteristic  development  in  Ogden  cafion  we  have  called  it 
the  Ogden  quartzite.  It  is  again  met  with  in  western  Nevada, 
where  it  has  a  thickness  of  700  or  800  feet.  This  body  of  sili- 
ceous material  is  sometimes  altogether  wanting,  its  place  being 
taken  by  limestone,  the  Ute  and  Wahsatch  limestones  forming 
one  continuous  body,  siliceous  impurities  marking  the  horizon 
of  the  Ogden.  In  the  Wahsatch  the  Ogden  quartzite  is  overlaid 
by  a  limestone  of  very  great  thickness,  to  wliich  we  have  given 
the  name  of  the  Wahsatch  limestone,  and  whose  lowermost 
fossils  in  the  Wahsatch  are  Upper  Helderberg.  In  western 
Nevada  also  the  Ogden  quartzite  is  seen  between  the  upper  and 
lower  Helderberg  horizons.  We  have  included  it  provisionally 
within  the  Devonian  age,  considering  it  the  probable  equivalent 
of  the  Schoharie  and  (Jauda-galli  grits. 

Next  above  the  Ogden  quartzite,  as  just  mentioned,  lies  the 
Wahsatch  limestone,  a  body  reaching  7,000  feet  in  thickness  in 
the  Wahsatch  and  over  8,000  in  middle  Nevada.  Although 
varying  slightly  in  the  purity  of  the  material  and  constantly  in 
its  physical  aspect,  it  is  nevertheless  a  single  limestone  series. 
The  lower  1,200  or  1,400  feet  are  embraced  within  the  Devo- 
nian, and  characterized  by  fossils  of  the  Upper  Helderberg  and 
Chemung  group,  and  in  a  single  instance  a  group  which  would 
seem  to  have  the  facies  of  both  the  Upper  and  Lower  Helderberg. 
If  in  the  lowermost  members  there  is  a  mingling  of  Silurian 
forms,  as  may  possibly  hereafter  be  proven,  it  will  then  be  neces- 
sary to  move  the  Silurian  line  higher,  so  as  to  include  the  Ogden 
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^aartzite ;  but  the  present  evidence  would  seem  to  restrict  the 
ower  Helderberg  to  the  region  below  the  Ogden  quartzite. 
From  the  horizon  of  the  Upper  Helderberg  were  obtained 
the  following : 

Alyeolites  nmltiseptatas  Meek.  Diphjrphyllum  fasdculum  Meek. 

Cladopora  proliflca  ff.  dk  W.  Ptychophylliim  7  infundibulum  Meek. 

Aoervularia  pentagona  Ootdf.^  Meek,  Naticopsis,  sp.  undet 

Smithia  Heimkhii  Lowrd.^  Meek,  Orthooeras  Eingii  Meek. 

From  the  upper  members  of  the  Devonian,  ranging  from  the 
Upper  Helderberg  to  the  Chemung  inclusive,  there  were  ob- 
tained : 


Favodtes  polymorpha  Ooldf.^  Meek. 
Syringopora  Madeuri  ?  BiU. 
Smithia  Hennahii  Lovird,^  Meek. 
GyathophjUum  Palmeri  Meek. 
Sirophodonta  canaoe  H.  A  W. 
Pxt)diictii£  subacoleatus  Mwreh. 


Bhynchonella  Emmonsi,  n.  sp. 

Pentamerus,  sp  7 

Oryptonella,    8p.7=R6n8ellaeria?   8p. 

Meek. 
Paracydas  peroocidens,  n.  sp. 
Pterinea,  8p.7 
Pleurotomaria,  sp.  undet. 


Spirifera  alba-pinensis,  n.  sp. 

"     argentaria  Meek^    (very  dosely    Isonema,  8p.7 
allied  to  S.  sdgzag  ffaU).  Bellerophon  neleus,  n.  sp. 

I^rifera  Engelmani  Meek.  Orthooeras,  sp.  7 

Atrypa  reticiilaris  L, 

In  a  single  instance,  namely,  that  at  White  Pine,  the  Che- 
mung is  overlaid  by  black  shales,  the  probable  equivalent  of  the 
Genesee  group,  from  which  are  collected  the  following: 

LeiorhynchuB      quadrioostatus     SiaU=  Nuculites  triangolatus,  n.  sp. 

Rhynch.    {Leiorhynchua)     papyraoeus  Linulicardia    fragosa  =  Posidonomya 

Meek.  fragosa  Meek. 

ATicolopecten  catactus  Me^. 

From  our  present  knowledge  it  would  seem  that  the  lower 
1,200  or  1,400  feet  of  the  Wahsatch  limestone  is  strictly  Devo- 
nian. The  Genesee  and  the  Chemung  are  followed  by  beds  carry  - 
ing  forms  having  a  close  resemblance  to  the  Waverly  group,  but 
which  are  considered  by  Messra  Hall  and  Whitfield  as  closely 
allied  to  the  Upper  Devonian.  They  consist  of  the  following 
species : 


Michelinia  sp.? 

Streptorhynchus  equivalyis  EdU. 
"  inflatus  H.  <fc  W. 

8trophomena  rhomboidalis  WIicU. 
Chonetes  Loganensis,  n.  sp. 
Productus,  sp.7  (fragments  only). 
Spirifera  centronata  Winch. 

''      alba-pinenais,  n.  sp. 
Athyris  Claytoni,  n.  sp. 


Athyris  planosulcata  7  PhiUipa. 
Rhynchonella  pustulosa?   White. 
Terebratula  Utah,  n.  sp. 
Euomphalus  (Straparollus)  Utahensis, 

n.  sp. 
Euomphnlus  latus  var.  laxus  White. 

*'        (Straparollus)  Ophirensis  n.  sp. 
Proetus  peroccidens,  n.  sp. 
"       Loganensis,  n.  sp. 


The  thickness  of  the  Waverly  series  is  not  definitely  known, 
since  there  is  quite  a  gap  of  barren  limestone  between  it  and 
the  next  fossiliferous  zone.  Not  far,  however,  above  the  Wa- 
verly, especially  as  shown  in  the  Oquirrh  Range  and  White 
Pine,  occur  fossils  of  the  true  Sub-carboniferous,  such  as : 
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ZaphrontlB  eooentrioa  M(Bek. 

Fenestella,  sp.  ? 

Polypora,  sp.  ? 

Glauoonome,  8p.  ? 

Orthis  resapinata  Martin  t 

Productus  iBTioostatus  Wldtef 
semireticulfttas  ifort 
elegans  N,  A  P.f 


II 


Prodnctns  Flemingi,  vatr.  BmiingtoiieQ- 

Spirif  era  striata  Mart 

setigera  HaU. 

Keokiik  J9(UL 

sp.?     leaembleB    S.    imbrex 
HaU. 
Athyrie  subqaadrata  EaJL 


it 

CI 


From  the  evidence  in  the  Oquirrh  Bange  it  would  seem  that 
the  Sub-carboniferous  and  Waverly  together  cannot  be  less  than 
1,000  feet  thick.  Through  the  remainder  of  the  Wahsatch 
limestone,  up  to  its  very  summit — a  thickness  of  at  least  4,000 
feet  above  tne  Sub-carboniferous — are  found  at  intervals  beds 
carrying  distinct  Coal-measure  forms.  This  immense  body  of 
limestone  therefore,  represents  4,000  to  4,500  feet  of  Coal- 
measures,  1,000  to  1,200  feet  of  Sub-carboniferous  and  Waverly, 
and  1,000  to  1,400  feet  of  Devonian,  all  these  figures  varying 
slightly  according  to  the  general  expansion  or  contraction  of  the 
Wahsatch  limestone  as  a  whole  in  different  localities. 

Next  in  the  series  above  the  Wahsatch  limestones  occurs  a 
very  remarkable  bed  of  siliceous  material,  which  we  have  named 
the  Weber  quartzite  from  a  typical  occurrence  in  the  Weber 
cafion  of  the  Wahsatch  Bange.  Here,  conformably  overlying 
the  limestone,  is  a  body  of  quartzite  about  6,000  feet  in  thick- 
ness, having  a  few  red  sandstones  at  the  base,  and  occasional 
limited  fine  beds  of  shale  interspersed  at  three  or  four  dijBferent 
horizons  through  the  body,  and  varied  to  a  considerable  extent 
by  thin  sheets  of  conglomerate  and  rounded  quartz  pebbles.  It 
has  never  in  this  locality  yielded  an}''  fossils ;  but  its  reference 
to  the  middle  of  the  Coal-measures  is  rendered  absolutely  cer- 
tain by  the  collection  of  great  numbers  of  different  Coal-measure 
fossils  from  the  Wahsatch  limestone  below  and  from  an  overly 
ing  body  of  limestone  to  be  described  later.  In  the  cafion  of 
the  Weoer,  this  Weber  quartzite  has  a  minimum  thicknesa  In 
the  Oquirrh  it  has  been  estimated  to  be  9,000  or  10,000  feet ; 
and  unless  we  have  made  some  errors  in  the  assignments  of 
horizons  in  western  Nevada,  it  there  reaches  an  even  larger 
figure.  To  this  member  of  the  series  we  have  referred  the 
great  body  of  sandstones  with  intercalated  shales  and  conglom- 
erates which  form  the  body  of  the  Uinta  Range,  and  there  dis- 
play a  thickness  of  certainly  over  10,000  feet,  and  according  to 
Major  Powell,  a  much  greater  thickness.  The  evidence  on 
which  this  is  referred  will  be  detailed  in  the  forthcoming  geo- 
logical report  of  this  exploration.  The  Weber  quartzite  Ls  ex- 
ceedingly variable  in  its  thickness  and  mechanical  condition. 
For  the  most  part  it  represents  a  true  quartzite,  but  here  and 
there  at  various  localities  it  is  less  altered  and  is  merely  a  series 
of  coarse  granular  sandstones.  At  several  places  in  the  Wah- 
satch this  body  of  quartzite  is  exposed  between  the  two  Coal- 
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measure  limestones,  where  there  can  be  no  doubt  of  its  true 
Btratigraphieal  relations. 

Conformably  overlying  this  is  a  body  of  about  2,000  to  2,500 
feet  of  limestones,  chert-beds,  calcareous  and  argillaceous  shales, 
and  some  beds  of  calcareous  sandstones  and  arenaceous  lime- 
stones, the  whole  constituting  a  very  variable  series,  and  carry- 
ing from  the  bottom  to  the  top  distinct  Goal-measure  forma  In 
middle  and  eastern  Nevada  the  shales  and  arenaceous  beds  are 
wanting,  and  the  whole  series  is  a  continuous  body  of  limestone. 

In  the  broken  and  dislocated  exposures  of  the  desert  country 
of  Nevada  there  are  many  outcrops  of  limestone  discounectea 
from  other  formations  and  only  referable  by  their  fossils  to  the 
Coal-measures.  In  such  cases  it  is  sometimes  impossible  to  de- 
termine whether  the  body  should  be  strictly  referred  to  the  Up- 
per Coal-measures  or  to  the  Coal-measure  part  of  the  Wahsatch 
limestona  In  consequence  of  this  uncertainty,  it  is  impossible 
at  present  to  say  what  species  are  common  to  both  Coal-measure 
limestones  and  to  group  those  which  are  restricted  to  the  two 
different  horizons.  From  localities  where  the  data  is  complete, 
it  is  evident  that  both  limestones  have  many  species  in  common. 
The  combined  list  of  the  two  is  too  extensive  to  be  published 
here  but  will  be  found  in  full  in  the  Paleozoic  chapters  of  our 
reports. 

Overlying  the  true  Upper  Coal-measures  is  a  variable  bodjr  of 
argillaceous  and  calcareous  shales  and  mud  rocks,  with  limited 
beds  of  limestone  and  sandstone,  containing  many  ripple  marks 
and  unquestionably  a  deposit  of  very  shallow  water.  It  is 
composed  altogether  of  fine  silted  matierial  and  contains  forms 
which  have  been  referred  unhesitatingly  by  Meek,  and  Hall 
and  Whitfield  to  the  Permo-Carboniferous.  This  series  is  ex- 
tremely variable  and  reaches  a  maximum  of  500  feet  While 
through  the  Upper  Coal-measures  there  is  more  or  less  evidence 
in  the  country  east  of  the  Wahsatch  of  a  progressive  shallow- 
ing, there  is  a  decided  difference  between  the  Coal  measure 
proper  and  the  Permo-Carboniferous.  The  two  are  apparently 
quite  conformable,  yet  at  the  same  time  a  very  great  change  of 
condition  has  taken  place  and  it  is  possible  that  subsequent 
study  will  show  a  slight  discordance  of  position.  If  so,  the 
extent  of  the  disturbance  of  the  pre-Permian  members  has  been 
very  slight  east  of  the  Wahsatch,  while  to  the  west  of  that  range 
the  Permian  is  wanting. 

The  following  are  some  of  the  characteristic  fossils  : 

Aviculopecten  curtocardinales,  n.  sp.  Aviculopecten  WeberensiSf  sp.  n. 

"  McCoyi  Meek.  Bumicrotis  Hawni  M.  &  H. 

"  sp.,  Meek,  (Pal.  Up.  Mo.,  "        sp.  undet. 

plate  2,  fig.  10).  Myalina  penniana  Meek, 

Ayiculopecten  oocidaneus  Meek.  Myacites  Weberensis  Meek 
^'            parvulus,  sp.  n.  "        aviculoides  Meek. 

'*  sp.?  resembling  Pecten  '*        inconspicuus  Meek. 

OleyelandlcuB  SwcUloto.  Schizodus,  8p.,=S.  ovata  Meek. 
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From  the  immense  thickness  developed  in  central  Utah,  the 
Paleozoic  series,  there  80,000  feet  thicK,  thins  toward  the  east 
until  as  before  stated,  in  the  region  of  the  Laramie  Hills,  it  is 
compressed  into  1,200  feet.  From  the  observations  of  New- 
berry, and  the  later  accounts  of  Gilbert,  Powell  and  Marvine, 
it  is  clear  that  it  also  shallows  toward  the  south,  and  the  obser- 
vations of  the  Carboniferous  in  California  would  indicate  thin- 
ning in  that  direction. 

The  Archaean  body  spoken  of  in  western  Nevada  may  or 
may  not  have  had  a  continental  significanca  It  would  seem, 
however,  from  the  relations  of  the  Carboniferous  in  the  Blue 
Mountains  of  Oregon  and  Bass'  Range  in  California,  that,  if 
a  continental  mass,  it  possessed  deep  westward  bays  in  which 
the  Paleozoic  sediments  were  deposited.  It  is,  however,  prob- 
able that  the  Archaean  body  was  only  a  mountainous  region  of 
no  very  great  east  and  west  development,  and  that  the  Paleo- 
zoic sediments  were  deposited  around  it  to  the  north  and  south. 

While  as  yet  no  non-conformity  has  been  observed  in  the 
whole  series  from  the  base  of  the  Cambrian  up,  there  is  in  middle 
Nevada  an  evidence  of  shallow  water  and  tne  accumulation  of 

1  Jan t- bearing  earthy  coal  beds  in  the  upper  part  of  the  Wahsatch 
imestone.  W  hen  the  detailed  stratigraphy  to  the  south  of  our 
field  comes  to  be  worked  out,  it  is  possible  that  a  local  uplift 
will  be  found  near  the  close  of  the  deposition  of  the  WahsiJtch 
limestone.  But  otherwise  throughout  the  whole  extent  we  have 
no  indication  of  a  n  on -conformity.  On  the  contrary,  there 
seems  to  have  been  a  continuous  undisturbed  deposition  varying 
between  siliceous  and  calcareous  sediments  in  which  the  lines 
of  these  two  types  of  material  have  been  sharply  drawn  in  a 
deep  oceanic  basin  over  the  greater  part  of  the  area  of  Utah  and 
Nevada,  while  toward  the  shallow  shore  in  the  region  of  the 
Rocky  Mountains  the  deposit  was  more  irregularly  mixed. 
Aside  from  the  intimation  of  a  local  shallowing  at  the  close  of 
the  Wahsatch  limestone  in  western  Nevada,  the  evidencas  are 
all  of  deep-water  deposits  till  near  the  close  of  the  Upper  Coal- 
measure  series,  when  ripple-marked  shales  make  their  appear- 
ance, and  the  Permian  depositions  thereafter  seem  all  to  be  of  a 
shoal-water  character. 


Abt.  LXVL — A  Nebula-photometer  ;  by  E.  C.  Pickering.    (From 
a  letter  to  the  editors,  dated  Boston,  April  5, 1876). 

An  examination  of  the  article  in  the  jMay  number  of  this  Jour- 
nal on  the  changes  on  the  Nebula  M.  1 7  shows  the  desirability 
of  accurate  photometric  measurements  of  these  bodies.  I  wish 
therefore  to  make  known  the   following   nebula-photometer  in 
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hopes  that  Bome  one  having  the  use  of  a  telescope  of  sufficient 
size  may  undertake   such  measurements.    A  plate   ruled   with 
squares  is  inserted  in  the  eye-piece  of  an  equatorial  telescope  with 
a  minute  circle  of  collodion  near  the  center  as  in  the  photometer 
of  Dove.     It  is  illuminated  in  front  by  the  nebula,  and  behind  by 
a  plate  of  glass  inclined  at  an  angle  of  45^  which  reflects  the  light 
of  a  lamp  placed  on  one  side  of  the  eye-piece.     The  light  may  be 
varied  by  two  crossed  Nicol's  prisms,  by  passing  the  light  through 
a  slit  whose  width  may  be  varied  and  measured,  or  in  other  ways. 
To  measure  the  brightness  of  a  nebula  the  various  portions  are 
brought  in  succession  into  the  center  of  the  field  and  the  light 
varied  until  the  spot  disappears.    The  exact  position  of  each  point 
is  found  by  observing  the  various  positions  of  any  star  in  the 
field  with  regard  to  the  squares.     The  real  motion  of  the  photom- 
eter is  thus  found  from  the  apparent  motion  of  the  star.     A  con- 
tour map  may  then  be  constructed  showing  the  brightness  of  the 
various  portions,  and  would  soon  show  any  marked  changes  in 
the  light  of  the  various  parts.     The  light  of  the  adjacent  sky 
must  be  similarly  measured  and  subtracted  from  all  the  read- 
ings.    The  brightness  may  be  compared  with  that  of  any  star  by 
throwing  the  latter  out  of  focus  until  its  disk  attains  a  given  size, 
and  a  star  photometer  is  thus  obtained.     Observations  on  a  comet, 
with  contours  showing  its  brightness  on  various  days,  would  be 
both  interesting  and  valuable.     The  brightness  of  different  por- 
tions of  the  moon  could  be  measured  by  slightly  modifying  this 
photometer.     By  using  a  very  low  power  the  light  of  an  aurora, 
of  the  zodiacal  ught  or  of  different  portions  of  the  sky  could  be 
similarly  measured.    For  very  faint  objects  it  might  be  better  to 
insert  a  diaphragm  in  the  eye-piece  having  an  aperture  but  little 
larger  than  the  collodion  film,  thus  giving  a  dark  background. 
Positions  could  then  be  determined  by  the  finder  or  by  moving 
the  entire  eye-piece  by  micrometer  screws. 


SCIENTIFIC    INTELLIGENCE. 

I.  Chemistry  and  Physics. 

1.  On  HydroceUuloae. — In  some  of  the  processes  in  the  arts  in 
which  cellulose  is  used,  as  in  paper-making,  this  substance  under- 
goes a  transformation  by  which  it  is  rendered  friable.  Aini& 
GiRARD  has  investigated  the  matter,  and  finds  that  this  change  is 
owing  to  the  assumption  of  a  molecule  of  water  by  the  cellulose  to 
form  a  new  body  of  the  composition,  CjgHggO,,,  to  which  he 
gives  the  name  of  hydrocellulose.  To  prepare  it,  some  form  of 
purified  cellulose,  such  as  carded  cotton,  is  placed  in  sulphuric  acid 
of  45°  B.  in  the  cold  for  twelve  hours.  It  is  then  well  washed, 
pressed  and  dried.  After  it  is  dry,  its  fibrous  character  is  destroyed 
by  pressure;  rubbing  between  the  fingers  converting  it  into  a  white 
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powder.     Girard  explains  in  this  way  the  brittleness  of  certain  pa- 
pers bleached  with  cnloride  of  lime.  —  C  i2.,  Ixxxi,  1106,  Dec.  1876. 

G.  F.  B. 

2.  On  the  DecamposUion  of  Stearic  Acid  by  distillation  under 
Pressure. — Under  the  direction  of  Professor  Thorpe,  Johnston  has 
submitted  stearic  acid  to  distillation  under  pressure,  with  a  view  to 
determine  the  decomposition  products.  A  copper  tube  was  em- 
ployed for  this  purpose,  bent  twice  at  right  angles.  At  the  second 
nend  from  the  end,  which  served  as  the  retort,  was  an  elongation 
of  the  tube  serving  as  a  receiver.  The  end  of  the  tube  was  provided 
with  a  stopcock  to  allow  the  gases  to  escape.  The  stearic  acid  was 
heated,  allowed  to  distill  over,  then  run  back  into  the  retort,  again 
distilled  over,  and  so  on  until  the  acid  was  completely  decomposed 
The  liquid  products  were  collected  and  exammed.  They  proved 
to  be  hydrocarbons  of  the  marsh  gas  and  define  series  exclusively. 
The  gases  resulting  were  similar,  with  the  addition  of  water  va- 
por and  carbon  dioxide. — J.  Chem,  Soc.^  II,  xiv,  8,  Jan.,  187«. 

G.  p.  B. 

3.  On  Liquid  Carbon  Dioxide  in  minercd  cavities.  —  On 
heating  a  microscopic  slide  of  quartz  containing  fluid  cavities 
only  to  a  moderate  temperature,  Hartlby  was  surprised  to  find 
that  the  liquid,  previously  perfectly  visible  under  the  microscope, 
had  disappeared.  On  coohng,  the  liquid  reappeared  accompanied 
by  a  sort  of  flickering  movement  within  the  cavity.  Experiments 
on  fluid  cavities  in  various  minerals  made  by  Brewster  in  1823, 
showed  that  the  liquids  all  disappeared  below  88°  F.,  that  their 
expansion  between  50°  and  80°  F.  was  32  times  that  of  water,  and 
their  index  of  refraction  1 '2946  in  topaz  and  ]*2106  in  amethyst 
From  those  results  Simmler,  and  later,  Sorby  and  Butler  con- 
cluded that  the  liquid  raust  be  carbon  dioxide.  The  author 
sought  carefully  to  determine  the  critical  point  of  the  liquid, 
which  he  did  by  immersing  the  slide  in  water  of  known  tempera- 
ture, removing,  wipin^^  hastily,  and  examining.  As  a  result,  it 
appeared  that  the  critical  point  lay  between  30*75°  and  81°  C, 
that  point  for  pure  carbon  dioxide  having  been  fixed  by  Andrews 
at  30*92°  C.  In  further  corroboration  of  this  view  is  the  fact  that 
when  water  was  also  present  in  the  same  cavity,  the  other  liquid 
floated  on  it ;  the  density  of  carbon  dioxide  being  0*83  at  0°  and 
0*6  at  30°.  Moreover,  Geissler  has  shown  the  presence  of  this  gas 
in  quartz  by  its  spectrum  in  a  vacuum  tube  in  which  the  quartz 
was  broken.  In  explanation  of  the  formation  of  these  fluid  cavi- 
ties, the  author  supposes  the  silica  in  hot  solution  to  have  come  in 
contact  with  a  limestone  under  pressure,  setting  free  carbon  diox- 
ide which  being  enclosed  in  the  crystal  cavities  along  with  water 
would  on  cooling  condense  to  a  liquid. — J,  Chem.  Soc.^  xxix,  137, 
February,  1876.  G.  F.  B. 

4.  Decomposition  of  Alcohol  by  Aluminum  audits  Iodide, — 
Gladstone  and  Tribe  have  continued  their  researches  on  the  ac- 
tion of  aluminum  in  presence  of  its  haloid  salts  upon  organic 
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bodies.  Alcohol  for  example,  which  may  be  boiled  for  hoars 
with  metallic  aluminum  without  action,  evolves  hydrogen  at  once 
when  aluminum  iodide  is  added  to  the  mixture,  and  in  amount 
mcisely  equa]  to  that  theoretically  obtainable  from  the  aluminum. 
the  residue  of  the  reaction  consisted  of  aluminum  ethylate  mixed 
with  some  iodo-ethylate.  The  former  body  distilled  over  above 
276^  C,  but  suffered  partial  decomposition.  Under  diminished 
pressure,  a  yellowish  white  solid  collected  in  the  receiver,  which 
nised  at  116°  and  boiled  about  the  boiling  point  of  mercury. 
Analysis  showed  it  to  be  aluminum  ethylate.  The  same  action 
was  observed  with  amyl  alcohol,  and  with  bromide  in  place  of 
iodide. — Ji  Chem.  Soc.y  clviii,  168,  Feb.,  1876.  g.  f.  b. 

5.  Niew  Method  for  producing  Condensed  Hydrocarbons. — 
Watson  Smith,  havmg  observed  that  naphthalene  passed  through 
%  red  hot  tube,  loses  hydrogen  and  produces  iso-dinaphtbyl, 
loueht  to  increase  the  yield  of  this  substance  by  heating  the  naph- 
thalene vapor  with  that  of  some  volatile  and  easily  reducible  me- 
tallic chloride,  the  chlorine  of  which  should  help  to  remove  the 
[lydrogen.  A  mixture  of  naphthalene  and  antimonous  chloride 
rapors  passed  through  a  red  not  tube  filled  with  pumice,  gave  an 
ibundant  yield  of  iso-dinaphthyl.     The  reaction  is — 

(0,oHs)«+(Sb01,).=Sb,+(H01)6  +  (!'°    ') 

Fhe  author  thinks  the  reaction  general — £er.  BerL  Chem,  Ges.^ 
LX,  467,  April,  1876.  G.  f.  b. 

6.  On  Manganese  JBoride  and  on  the  Function  of  Manganese 
\n  Iron  Metallurgy, — Troost  and  Hautepeuillb  have  produced 
ft  definite  manganese  boride  simplv  by  heating  boric  acid  in  a  car- 
bon crucible  with  manganese  carbide.  Small  dark  violet  crystals 
were  obtained  which  afforded  on  analysis  the  formula  MnBo,  con- 
taining 27  per  cent  of  boron.  When  free  from  an  excess  of  man- 
ganese, it  dissolves  in  acids,  disengaging  hydrogen.  Water  is  not 
lecomposed  by  it  at  100°.  Mercuric  chloride  when  moist  trans- 
forms It  at  once  into  manganese  chloride,  boric,  and  chlorhydric 
ftcids.  In  this  reaction,  each  gram  evolves  liJ97  calories ;  while 
its  elements  takeu  free  evolve  4184 ;  the  difference  2487  calories 
represents  the  heat  set  free  by  the  manganese  and  the  boron  in 
combining.  Hence  the  compound  is  an  energetic  one.  Iron  bo- 
rides  too  are  stable,  unlike  the  iron  carbides  and  silicides.  The 
iuthors  conclude  from  their  researches  that  the  important  part 
which  manganese  plays  in  the  metallurgy  of  iron  is  due  (1)  to  the 
formation  of  compounds  which  evolve  in  their  production  a  greater 
amount  of  heat  than  that  set  free  by  the  corresponding  com- 
pounds of  iron ;  and  (2)  to  the  facility  with  which  these  com- 
pounds form  slags,  since  in  oxidizing  they  evolve  more  heat  than 
:ho8e  which  contain  the  same  quantity  of  iron  ;  especially  when, 
IS  is  the  case,  they  exist  in  presence  of  a  large  excess  of  metal. — 
C.  li,,  Ixxxi,  1263,  Dec,  1876.  G.  F.  B. 
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7.  On  the  Occurrence  of  Platinum^  PaUadium^  and  Selenium 
in  Silver  coins. — In  a  letter  to  Wdhler,  R5ssler,  of  the  Fraok- 
fort  parting  office,  gives  some  facts  of  interest  relative  to  the  work 
done  in  that  estaWishment.  During  the  last  year  over  400,000 
pounds  of  silver  and  5,000  pounds  of  gold  were  parted.  The 
silver  is  purified  by  crystallization  as  sulphate  and  subsequent  re- 
duction to  the  metallic  state  by  iron  turnings.  The  gold  is  precip- 
itated from  its  solution  in  aqua  regia  by  ferrous  chloride  and 
melted  in  gas  furnaces;  being  obtained  1000  fine  in  this  way. 
Fine  silver,  especially  that  obtained  from  old  coins,  contains  gold 
averaging  about  one-thousandth.  It  also  contains  both  platinum 
and  palladium,  the  latter  sometimes  in  so  large  a  quantity  that  its 
solution  in  nitric  acid  is  dark  yellow.  The  silver  from  Commern 
and  Mechemich  in  the  Eifel  showed  0*0058  per  cent  platinum  and 
0*0053  per  cent  palladium.  In  the  last  vear,  the  office  has  obtained 
from  the  500,000  pounds  of  crude  silver  worked  over,  twelve 
pounds  of  platinum  and  two  pounds  of  palladium.  To  obtain 
these  metals,  the  solution,  from  which  the  gold  has  been  precipita- 
ted by  ferrous  chloride,  is  reduced  again  by  iron  turnings,  whereby 
all  the  other  metals  present  are  precipitated  as  a  black  sediment. 
This  is  freed  from  copper  by  the  iron  chloride,  the  residue  is  dis- 
solved in  aqua  regia,  the  traces  of  remaining  gold  are  removed, 
the  platinum  is  thrown  down  by  ammonium  chloride  and  the  pal- 
ladium by  ammonia  and  hydrochloric  acid.  In  this  way  selenium 
was  discovered  in  this  deposit.  Since  then  the  sediment  is  fused 
with  soda  and  charcoal  before  treating  it  with  aqua  regia ;  several 
pounds  of  selenium  a  year  being  obtained  from  this  source.  The 
selenium  forms  an  interesting  compound  with  palladium,  which  is 
obtained  in  hard  brilliant  plates  wlien  the  regulus  obtained  as 
above  is  dissolved.  These  plates  are  not  soluble  in  nitric  acid, 
nor,  when  platinum  is  present,  in  aqua  regia  ;  but  on  ignition  they 
evolve  selenium  and  are  then  soluble.  They  are  composed  of 
equal  atoms  of  palladium  and  selenium  and  resemble  the  iridos- 
mine  scales  very  closely,  being  isomorphous  with  them. — Lie- 
big''8  Aiin,^  clxxx,  240,  Feb.,  1876.  G.  f.  b. 

8.  Oji  the  Conversion  of  Olefines  into  the  corresponding  Alco- 
hols,— The  considerable  similarity  between  the  heptylene  obtained 
from  pentamethyl-ethol  and  the  terpenes  led  Boutlerow  to 
attempt  the  direct  synthesis  of  the  alcohol  from  the  olefine  by 
direct  union  with  water,  just  as  the  hydrate  of  terpin  is  formed. 
The  heptylene  was  sealed  in  a  tube  with  water  containing  a  little 
nitric  acid  and  alcohol.  After  a  few  weeks  the  heptylene  had  dis- 
appeared and  had  been  replaced  by  the  characteristic  crystals  of 
pentaraethyl-ethol.  Liquid  isobutylene  was  then  subjected  to  a 
similar  treatment  and  with  a  similar  result;  trimethyl-carbiuol 
was  produced.  Sulphuric  acid  was  found  to  act  upon  isobutylene 
in  the  same  way.  This  olefine,  sealed  in  a  tube  with  double  its 
volume  of  a  mixture  of  equal  parts  concentrated  sulphuric  acid 
and  water,  disappeared  in  the   course  of  two  days,  and  yielded 
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^methylcarbinoL  Pseudobutylene,  inomeric  with  the  former,  suf- 
fera  a  similar  change  but  mach  more  slowly. — Liebig^s  Ann,,  clxxx, 
846,  Feb.,  1876.  '  g.  f.  b. 

9.  On  the  Trimethylbemols  of  Coal  tar  Oil  and  their  Separa- 
ion  from  each  other, — Jacobsen  has  examined  very  carefully  the 
Timethylbenzols  obtainable  from  coal  tar  and  has  shown  that  only 
;wo,  mesitylene  and  pseudocumol  are  present  therein,  the  third 
me  which  theory  points  out  as  possible,  not  existing  in  the  oil  at 
klL  Pseudocumol  forms  only  a  single  sulpho-acid  with  sulphuric 
icid,  the  salt  supposed  formerly  by  the  author  to  be  isocumolsul- 
)hate  of  barium  being  a  well  characterized  double  salt  of  mesityl- 
me-fiulphate  and  pseudo-cumol-sulphate.  The  two  trimethylben- 
goIb  found  separated  readily  by  converting  them  into  the  amides 
>f  the  sulpho-acids,  by  obtaining  first  the  chlorides  by  the  action 
>f  phosphoric  chloride  and  then  the  amide  by  the  action  of 
immonia  upon  this.  By  crystallization  from  alcohol,  the  two 
labstances,  mesitylene-sulphamide  and  pseudocumolsulphamide, 
ure  easily  and  completely  separated,  the  former  being  far  more 
soluble.  On  treating  the  pure  amides  with  hydrochloric  acid,  the 
bydrocarbons  were  regenerated. — Ber.  Berl,  Chem,  Ges,,  ix,  256, 
P*eb.,  1876.  G.  F.  R 

10.  On  the  Detection  of  FKLorogludn  and  Nitrites, — When  very 
lilute  solutions  of  phloroglucin  and  of  toluidine  or  aniline  nitrate 
%re  mixed  and  a  few  drops  of  a  solution  of  potassium  nitrite  is 
ftdded,  the  liquid,  at  first  clear,  becomes  turbia  and  brownish-yel- 
low, then  orange,  and  deposits  a  cinnabar- red  precipitate.  Wesbl- 
JKY,  who  discovered  this  reaction,  proposes  it  as  a  test  for  phloro- 
glucin and  nitrites.  One  c.c.  of  a  solution,  containing  0*0005  gram 
phloroglucin  was  mixed  with  one  c.c.  of  a  solution  of  toluidine 
oitrate  saturated  at  ordinary  temperatures,  diluted  to  50  c.c.  with 
water  and  treated  with  one  c.c.  of  a  solution  containing  0*001 
mm  potassium  nitrite.  In  15  minutes  the  solution  became  yel- 
low and  in  three  hours  the  cinnabar  precipitate  was  obtained. 
Similar  reactions  are  obtained  with  aqueous  solutions  of  maclurin 
md  catechin,  and  decoctions  of  fustic  and  hops,  in  place  of  phlo- 
roglucin.— Ber,  Bert,  Chem,  Ges.,  ix,  216,  Feb.,  1876.    g.  f.  b. 

11.  On  the  Succinic  acid  obtained  from  Active  Tartaric  a^id. — 
Pasteur  announced  some  time  ago  the  existence  of  an  optically 
active  succinic  acid,  and  Kekul6  showed  that  the  succinic  acid  de- 
rived from  active  malic  acid  was  itself  inactive.  Bremer  and 
Shan't  Hoff,  deeming  the  existence  of  such  an  active  succinic 
icid  extremely  improbable,  since  its  molecule  contains  no  asym- 
[netrical  carbon  atom,  have  examined  the  acid  which  is  produced 
along  with  dextro-malic  acid,  by  the  reduction  of  dextro-tartaric 
icid.  The  acid  in  question  proved  to  be  absolutely  inactive  and  to 
igree  in  all  respects  with  ordinary  succinic  acid,  llence  we  have : 
[1)  Dextro-tartaric  acid,  CO^ll .  C(OH) .  CH(OH) .  COJl,  con- 
taining two  asymmetrical  carbon  atoms  and  rotating  the  polarized 
plane  (a)=6°*6  ;    (2)  Dextro-malic  acid,  COaH  .CH(OH) .  CII,  . 
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CO3H,  containing  one  asymmetrical  carbon  atom  and  rotatiBg 
(a)=3°-3  ;  and  (3)  Succinic  acid  COaH .  CH,  .  CH,  .  OO2H,  con- 
taining no  asymmetrical  carbon  atom,  and  being  inactive. — Ber, 
JBerL  Chem,  Oea.^  ix,  216,  Feb.,  1876.  g.  f.  b. 

12.  On  the  Re-conversion  of  Paroxybenzoic  cund  into  SaUcyUe 
a4sid, — Neutral  potassimn  salicylate,  as  Ost  has  shown,  when  heated 
to  210^-220^,  splits  up  into  potassium  paraoxybenzoate,  phenol, 
and  carbon  dioxide ;  while  the  sodium  salt  affords  no  paraoxyben- 
zoate. EuPFBBBBRG  has  succecdcd  in  effecting  the  mverse  reac- 
tion and  in  converting  the  paraoxybenzoate  again  into  salicylate 
39*5  grams  sodium  paraoxybenzoate,  heated  to  280®  to  295°  for  six 
hours  in  a  current  of  carbon  dioxide  gas,  yielded  7  ^rams  of  sali- 
cylic acid ;  or  66  per  cent  of  the  acid  present.  Salicylic  acid  is 
converted  into  paraoxvbenzoate  by  heating  the  neutral  potassimn 
salt  to  220° ;  paraoxy oenzoic  acid  is  converted  into  salicylic  by 
heating  the  sodium  salt  to  290°. — J.  pr.  Ch.y  11,  xiii,  103,  Feb., 
1876.  G.  F.  B. 

13.  On  a  new  JBydro-oxy-bemoic  Add. — ^In  the  hope  of  obtain- 
ing trimesinic  acid — an  acid  containing  three  carbox^l  groups— 
Emmbblixo  and  Oppbnhbim  oxidized  oxyidvitinic  acid  by  means 
of  potassium  manganate.  The  product,  precipitated  by  hydrochlo- 
ric or  sulphuric  acid,  is  punfied  by  crystallization  from  hot 
water.  It  appears  in  thin  colorless  needles,  fusins  at  274*^*5,  and 
giving  a  yellow  precipitate  with  ferric  chloride.  Analysis  g^ve  it 
the  formula  C^IigOa,  the  barium  salt  being  (C,H,03)2Ba,  (HfO), 
and  the  silver  salt  C^H^AgO^.  Fusion  with  potash  separatee 
water  and  converts  it  into  benzoic  acid. 

C,H303=C,HeO,  +  HaO. 

— Ber,  BerL  ChertL  Ges.^  ix,  326,  March,  1876.  o.  f.  r 

1 4.  On  Vicin^  a  Constituent  of  Vicia  sativa. — Some  time  ago, 
RrrxHAUsEN  described  a  crystallized  highly  nitrogenous  substance 
obtained  from  the  seeds  of  the  vetch.  He  now  shows  that  it  is  a 
new  body,  and  has  the  composition  CgHjgNgOg.  He  assigns  to 
it  the  name  vicin.  A  kilogram  of  seeds  yielded  3*2  grams  of 
vicin. — Ber,  Berl,  Chem,  Ges,^  ix,  301,  March,  1876.         g.  f.  r 

14.  Acoustic  Attractions, — M.  Dvouak  has  examined  the  attrac- 
tions and  repulsions  of  small  pendulums  hung  near  sonorous  bod- 
ies. A  square  of  paper  or  a  piece  of  cork  is  hung  by  a  silken  thread, 
and  held  near  a  wooden  rod  vibrating  slowly.  Varying  the  posi- 
tions of  the  pendulum  it  is  sometimes  attracted  and  sometimes 
repelled.  These  motions  seem  to  be  due  to  the  air-currents  ap- 
proaching or  receding  from  the  rod,  and  the  motions  of  the  cork 
served  to  determine  approximately  the  directions.  These  results 
were  verified  by  the  motions  of  a  flame  and  the  indications  of  a 
very  sensitive  water  manometer.  The  air  thrust  aside  by  the 
vibrating  rod  escapes  laterally,  repelling  light  bodies.  This  is  re- 
placed by  air  forramg  counter-currents  toward  the  rod,  producing 
the  effect  of  attraction.  When  the  amplitude  of  the  vibrations  is 
small,  the  rod  acts  like  the  prongs  of  a  tuning  fork,  and  attraction 
takes  place  in  every  direction. 
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In  front  of  the  opening  of  a  tube  of  Kundt,  is  placed  a  second 
open  tube,  fdvine  tne  same  sound  as  the  first,  and  suspended  by 
two  threads.  Biakinff  the  first  tube  resound  loudly,  the  second 
tube  is  strongly  repelled.  The  same  efifect  is  obtained  if  the  sec- 
ond tube  gives  one  of  the  harmonies  of  the  first.  Placing  two  tubes 
fiudng  eacn  other  opposite  the  tube  of  Kundt  and  perpendicular  to 
its  axis,  the^  tend  to  approach  each  other.  With  a  very  sensitive 
manometer  it  appears  tnat  in  a  column  of  air  in  a  state  of  perma- 
nent vibration,  the  air  at  the  nodes  has  an  excess  of  pressure. 
lliis  accounts  for  the  heaping  up  of  water  in  the  loops  of  a  tube  of 
Kundt.  It  is  explained  by  admitting  that  the  amplitude  of  the 
vibrations  cannot  be  neglected  compared  with  their  length.  It  fol- 
lows that  there  ought  to  be  a  contmuous  motion  of  the  air  from 
a  node  to  a  loop.  This  might  be  proved  by  filling  the  resonant 
box  of  a  tuning  fork  with  the  fumes  of  chloride  of  ammonium  and 
seeing  if  they  are  thrown  out  when  the  fork  is  set  in  vibration. 

K  a  bell  is  filled  with  water  and  a  drop  of  oil  allowed  to  fall  on 
it,  the  circular  film  becomes  quadrangular  when  the  bell  is  sounded. 
The  water-currents  start  from  the  nodes  and  accumulate  at  the 
loops.  A  disk  of  glass  is  attached  to  the  end  of  a  rod  vibrating 
longitudinally.  If  a  glass  drop  is  hung  opposite  the  disk  it  will  be 
repelled  at  the  center  and  attracted  around  the  periphery.  There 
are  then,  as  with  air,  currents  outward  at  the  center,  and  counter 
currents  inward  along  the  edges. — Joum,  de  Phys.^v^  122. 

E.  0.  p. 

15.  Correlation  of  Forces. — M.  Gbovb  describes  a  convenient 
apparatus  for  showing  the  relations  between  heat,  electricity,  and 
mechanical  force.    The  arrangement  is  as  follows : 

Two  of  Clamond's  thermo-electric  generators  are  connected  for 
quantity  and  put  in  communication  with  a  gram  machine,  in 
such  a  way  as  to  set  this  in  motion.  In  the  circuit  is  inserted  a  sort 
of  electric  lamp,  in  which  a  platinum  wire,  placed  in  the  center  of 
a  small  globe  (which  protects  it  from  agitation  of  the  air)  can  be 
raised  to  incandescence.  The  only  difficulty  of  the  experiment 
consists  in  so  regulating  the  length  and  diameter  of  the  platinum 
wire,  that  it  may  be  raised  to  a  red  heat  while  the  thermo-electric 
current  retains  sufficient  intensity  to  drive  the  gram  machine. 

A  circuit  entirely  metallic  is  thus  obtained,  with  which  the  fol- 
lowing transformations  can  be  effected ; 

(1.)  The  gram  machine  being  excluded  from  the  circuit,  a  por- 
tion of  the  neat,  transformed  into  electricity  by  the  thermopile, 
reappears  as  heat  in  the  wire. 

(2.)  The  wire  being  excluded  from  the  circuit  and  the  machine 
introduced,  a  portion  of  the  heat,  transformed  into  electricity  in 
the  pile,  reappears  as  work  in  the  machine. 

(3.)  The  wire  and  machine  being  included  in  the  circuit,  a  part 
of  the  heat,  transformed  in  the  pile  into  electricity,  produces  heat  in 
the  wire  and  work  in  the  motor.  If  we  then  stop  tne  machine,  the 
incandescence  of  the  wire  is  increased.   The  machine  being  libera- 
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ted,  on  the  other  hand,  starts,  and  the  wire  cools  as  its  motion  in- 
creases. The  expenditure  of  heat  needed  to  develop  an  increasing 
quantity  of  mechanical  work  is  thus  rendered  sensible  to  the  eya 

(4.)  Turning  the  machine  in  the  direction  of  the  rotation  pro- 
duced by  the  current,  a  velocity  may  be  reached  such  that  the  in- 
candescence shall  completely  disappear. 

(5.)  Turning  the  machine  in  the  opposite  direction,  there  is  con- 
siderable resistance,  and  the  wire  rapidly  grows  hotter,  and  is  soon 
fused. 

Thus,  in  the  metallic  circuit  under  consideration,  the  circulation 
of  a  given  quantity  of  energy  may  appear  exteriorly  in  the  form 
of  heat,  or,  as  work.  If^  by  an  exterior  force,  we  introduce  into  the 
circuit  an  additional  quantity  of  work,  the  increase  of  the  quantity 
of  energy  put  in  circulation  is  rendered  visible  by  the  incandescence 
of  the  wire ;  any  communication  outward  from  the  circuit,  of  a 
certain  quantity  of  energy  which  circulates  in  it,  appears,  on  the 
other  hand,  in  diminution,  or  even  disappearance,  of  the  incandes- 
cence.— Joum,  de  Phys,^  iv,  369  ;  Nature^  xiii,  434.  k.  c.  p. 

15.  Change  of  Volume  of  Electric  Conductors, — Uebb  Exneb 
has  measured  the  change  in  length  of  a  conductor  through  which 
an  electric  current  is  passing,  by  a  method  free  from  the  error 
caused  by  the  expansion  due  to  the  heat  generated  by  the  current 
Two  pieces  of  the  same  wire  of  nearly  equal  lengths  were  hung 
one  over  the  other,  and  so  connected  with  a  battery  that  the  cur- 
rent might  be  passed  through  either.  The  lower  wire  passed 
through  a  glass  which  might  be  filled  with  water  if  desired.  The 
elongation  was  measured  by  resting  the  end  of  the  wire  on  a  lever 
carrying  a  mirror  whose  deflection  was  read  by  a  telescope  and 
scale.  The  current  being  passed  successively  through  the  two 
wires  a  different  deflection  was  obtained  in  each  case,  but  these 
were  rendered  equal  l>y  inserting  an  additional  resistance  in  cir- 
cuit with  that  wire  whose  elongation  was  greater.  The  tube  was 
now  filled  with  water  so  as  to  caiTy  off  the  heat  generated  in  the 
lower  wire  as  rapidly  as  possible.  It  was  found  that  the  galvanic 
expansion  was  only  1-2  to  2*2  per  cent  of  the  heat  expansion; 
and  no  connection  was  recognizable  with  the  nature  of  the  metal 
employed.  If  it  be  considered  that  these  values,  of  course,  can 
only  by  an  upper  limit,  it  will  follow  from  the  smallness  of  the 
effect  obtained  that  there  is  no  suflicient  grouud  for  the  hypothesis 
of  a  special  expansion  power  of  the  galvanic  current.  There  can 
hardly  be  any  doubt  that  the  slight  expansion  which  the  water- 
enclosed  wire  still  shows  is  simply  and  alone  due  to  the  heat 
remaining  in  it. — Nature^  xiii,  452.  E.  c.  p. 

16.  Proper  Motion  of  the  Stars, — P.  Secchi  points  out  a  new 
source  of  error  in  the  measurement  of  the  proper  motion  of  the 
stars  by  the  displacement  of  the  lines  of  the  spectrum.  The 
author  tabulates  a  number  of  the  observations  made  by  Huggins, 
Vogel  and  himself,  and  those  at  Greenwich  Observatory,  and 
shows  there  is  considerable  contradiction  in  the  results. 
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The  question  arises  whether  there  may  not  be  some  systematic 
error  in  the  manner  of  observing  or  in  the  instruments.  Compar- 
ing the  dark  line  F  of  Sirius  with  the  hydrogen  line  H/i  of  a  Geiss- 
ler  tube,  he  got  always  the  same  result  —  a  shortening  of  the 
Sirius  line  occurs  (contrary  to  Huggins)  when  the  telescope  was 
carried  along  by  the  clock-work,  and  the  assistant  was  at  the 
seeker  to  keep  it  on  a  fixed  point  corresponding  to  the  slit  of  the 
spectroscope ;  but  if  the  clock-work  stopped,  or  the  assistant  de- 
ranged the  position  of  the  star,  the  light  line  was  displaced  and 
came  into  comcidence  with  the  star  line.  Dispensing  with  clock- 
work the  line  was  found  to  be  on  one  side  or  the  other,  according 
as  the  star  was  looked  at  on  one  side  or  the  other  of  the  axis  of 
the  telescope.  A  change  was  also  noticed  on  turning  the  spectro- 
scope 180°  on  its  axis.  No  attempt  is  made  to  explain  these 
phenomena,  but  they  are  pointed  out  as  possible  sources  of  illusion. 
—  Comptea  JRendua^  Ixxxiii,  761, 812/  Nature^  xiii,  480.     e.  c.  p. 

n.  Geology  and  Mineralogy. 

1.  Paleozoic  fossils  from  a  limestone  associated  with  the  Ser- 
pentine formation  (2jone  of  the  JPietre  verdi)  of  Chaberto?i  {Alpi 
Cozie). — Prof.  B.  Gastaldi,  in  the  Bulletin  of  the  R.  Comitate  Geol. 
d'ltalia  for  1876,  p.  346,  has  published  a  paper  on  discoveries 
made  by  G.  Michelotti,  a  letter  from  whom  is  published  in  the 
paper.  An  accompanying  geological  section,  by  Michelotti, 
gives  the  stratification  of  the  upper  part  of  Mt.  Chaberton :  No. 
1,  the  dolomitic  limestone;  2,  anthracitic  sandstone  of  a  red 
color,  with  black  beds  containing  lamellar  hematite,  etc.  ;  3, 
quartzyte,  with  beds  of  gypsum ;  4,  talcose  "  calcischist,"  of  a 
greenish  color.  Michelotti  states  that  in  an  amphitheater  under  the 
summit  of  the  mountain,  bounded  by  lofty  walls  of  dolomitic  lime- 
stone, regularly  stratified,  presenting  splendid  examples  of  folding, 
be  found  in  fragments  of  the  limestone,  among  some  detritus  of 
serpentine,  vanous  limestone  blocks  that  were  fossiliferous.  The 
fossils  were  not  as  well  preserved  as  could  be  desired,  owing  ap- 
parently to  incipient  alteration,  but  they  enabled  hira  to  distin- 
guish the  following  genera :  Syringopora^  near  S,  abdita,  (a  fine 
species  with  the  long  branches  one-sixth  to  one-third  of  an  inch  in 
diameter,  and  one-eighth  to  one-fourth  of  an  inch  apart,  according 
to  the  figure) ;  Halysitea ;  a  branching  coral  supposed  to  be  a 
J^avosites ;  a  joint  of  a  stem  of  an  Actinocrinus ;  a  shell  of  an 
Ostracoid,  referred  to  ^' Cythereis ;'*'*  and  a  sponge,  Lithospongia. 
The  ppecies  indicate  that  the  limestone  is  probably  of  the  age  of 
the  later  Upper  Silurian,  or  the  earlier  Devonian. 

Prof.  Gastaldi  remarks  that  the  limestone  beds  are  superim- 
posed directly  on  the  serpentine,  euphotide,  and  variolite  of  the 
region,  in  some  places  witn  a  rather  sudden  transition  from  one  to 
the  other;  but  also  that  at  other  localities  the  more  recent  beds  of 
the  pietre  verdi  zone,  that  is,  the  "  Calcischist "  containing  beds  of 
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limestone  which  afford  fossils,  seem  to  pass  into  the  pietra  verdi 
by  a  gradual  transition.  He  supposes,  however,  that  thepieira 
verdi  may  still  be  pre-Paleozoic.  Yet  he  offers  no  evidence  to  show 
that  it  is  not  merely  older  Paleozoic.  He  regards  the  question 
one  requiring  special  study,  and,  in  closing,  expresses  the  hope 
that  it  may  speedily  be  settled  by  new  discoveries. 

The  limestone  of  Mt.  Chaberton  is  stated  to  be  probably  equiv- 
alent with  that  of  Montaldo  Dora,  of  Lessola  near  Ivrea,  of 
Rivara,  and  of  Levone;  it  also  occurs  at  Susa,  at  the  Piccolo 
Moncenisio,  at  Seguret,  along  the  French  frontier  between  Frejus 
and  Chaberton,  at  Balmas,  at  Rognosa,  at  Chinivert,  and  at  other 
places. 

The  following  number  of  the  same  Bulletin  contains  a  paper  by 
C.  DE  Stbfani,  sustaining  the  ground  that  the  serpentine  beds  of 
the  Apuan  Alps  overlie  the  Middle  and  Lower  Eocene;  that 
those  of  several  localities  in  Tuscany  are  between  Cretaceous  strata 
or  Eocene ;  and  that  those  of  Elba,  Gorgona,  Gichio,  Jano,  and 
perhaps  those  of  Montecristo  and  Cape  Argentario,  are  older  than 
the  Lower  Lias  but  newer  than  the  Carboniferous. 

2.  Eozoon  Canadenae  not  organic, — This  is  the  conclusion  of 
Mr.  Otto  Hahn  after  geological  and  zoolo^cal  investigations,  an 
account  of  which  is  published  in  the  NaturwissenchalUiche  Jahres- 
heftefor  1876  of  Wurtemburg,  and  a  translation  in  the  Annals  and 
Magazine  of  Natural  History  for  ApriL  He  says,  "  By  my  inves- 
tigation it  is  established  that  there  is  no  gigantic  forammifer  in 
serpentine  limestone ;"  "  that  the  most  essential  characters  of  the 
foraminifera,  the  chambers  and  the  test  are  not  there,  but  that  we 
have  to  do  with  pure  rock-formations  such  as  occur  every  where 
in  serpentine;"  that  "there  is  no  rock  which  is  so  certainly  the 
result  of  metamorphism,  and  can  be  derived  from  so  many  miner- 
als, as  serpentine ;"  that  he  has  investigated  an  immense  number 
of  serpentines  and  always  found  that  they  are  products  of  meta- 
morphism." One  of  the  masses  of  Eozoon  which  Mr.  Hahn  ex- 
amined was  from  Canada,  and  bore  Dr.  Carpenter's  labeL 

3.  Exploration  of  Lake  Titicaca ;  A.  Agassiz  and  S.  W. 
Garman,  (BulL  Mus.  Comp.  Zool.,  iii,  274). — The  Paleozoic 
fossils  collected  by  these  authors  about  Lake  Titicaca  are  de- 
scribed by  Mr.  O.  A.  Derby.  Nine  are  Carboniferous  and  all  but 
one,  JEuomphalus  antiquus^  are  represented  by  the  same  or  closely 
allied  species  in  the  United  States  and  Brazil.  No  Subcarbonif- 
erous  fossils  were  met  with;  but  Devonian  were  found  close  along 
side  of  the  Carboniferous  at  the  island  of  Coati  two  or  three  miles 
from  the  Lake.  The  Carboniferous  formation  extends  in  a  general 
northwestern  direction,  and  the  beds  are  tilted,  often  at  a  high 
angle.  According  to  Mr.  Orrego  the  formation  extends  as  lar 
north  as  Callyoma ;  Prof.  J.  Orton  found,  in  the  same  line.  Car- 
boniferous fossils  at  the  headwaters  of  the  Amazonas  (Pichis  R) 
and  states  that  Prof.  Raimondi,  of  Lima,  has  traced  the  rocks  to  a 
height  of  14,000  feet,  on  the  Apurimac,  between  the  Pichis  and 
the  Cuzco  valley. 
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4.  Note  ^  On  the  Younge&i  Suronian  Hacks  South  of  Lake 
Superior  /"  by  Rolaito  Ibying. — In  a  paper  with  the  above  title 
pnblisbed  in  the  March  number  of  this  Journal,  Mr.  T.  B.  Brooks, 
Dy  an  accidental  misquotation,  makes  me  responsible  for  a  rock 
composed  of  a  stranee  medley  of  minerals.  He  says  that  I  men- 
tion ^ these  rocks  as  being  coarsely  crystalline  aggregates  ^chiefly 
of  labiadorite  and  orthoclase  feldspar,  hornblende  and  some  variety 
of  pyroxene.'  **  I  wrote,*  "  Nearly  all  of  them  can,  however,  be 
incftided  in  two  or  three  general  kinds,  labradorite,  orthoclase  fel- 
spar, hornblende  and  some  variety  of  pyroxene  seeming  to  be  the 
coief  ingredients.''  In  this  I  meant  to  mention  the  main  ingre- 
dients of  the  different  kinds,  not  to  say  that  all  of  these  minerals 
occur  in  one  rock.  I  am  inclined,  with  my  present  knowledge,  to 
follow  Mr.  Brooks  in  referring  to  the  Huronian  the  belt  of  rocks 
in  Northern  Wisconsin,  to  which  the  above  quotation  alludes,  as 
I  followed  him  before  in  referring  them  to  the  Copper  Series. f  I 
cannot  agree  with  him  in  designating  the  rocks  as  ^'  granitoid," 
as,  so  far  as  my  knowledge  goes,  they  are  chiefly  rocks  of  a  low 
degree  of  silication  consisting  mainly  of  labradorite  and  pyroxene. 
The  general  run  of  the  rock  in  the  country  occupied  by  this  belt 
west  of  Bad  River  is  a  dark  colored  coarsely  crystalline  mixture 
of  the  above  minerals,  accompanied  by  hypersthene,  magnetite 
and  mica  as  accessories,  as  ascertained  recently  by  Mr.  Chas.  E. 
Wright  from  a  microscopic  examination  made  by  him  for  me. 
The  "granitoid"  rocks  which  Mr.  Brooks  has  seen  occur  as 
patches  among  these  dark  colored  diabases  and  allied  rocks.  In 
the  former  only  have  I  noticed  orthoclase  and  hornblende. 

University  of  Wisoonsin,  April  27th,  1876. 

6.  Gigantic  fossil  bird  from  the  Eocene  of  New  Mexico ; 
Pro£  CoPK.  (Proc.  Acad.  N.  Sci.  Philad.,  1876.)—This  bird  was 
related  both  to  the  Cursores  (Struthionidae  and  Dinornis)  and  to 
Gastornis  of  the  Paris  basin.  Its  size  was  twice  that  of  the 
ostrich.     Prof.  Cope  names  it  Diatryma  gigantea. 

6,  Richmond  Infusorial  Stratum. — Mr.  Charles  Stoddcr  in  a 
paper  on  the  Richmond  Infusorial  stratum,  first  described  by 
Professor  W.  B.  Rogers  in  his  Virginia  Report  of  1840,  (this 
Journal,  xlv,  313,  1843),  states  that  Mr.  R.  B.  Tolles  examined 
the  stratum  as  it  is  exposed  in  a  ravine  on  the  west  side  of 
Shockoe  Hill,  near  Richmond,  and  obtained  specimens  at  the 
depths,  5,  7i,  10,  11,  and  14  feet  below  the  top  of  the  bank,  and 
and  also  from  the  north  side  40  feet  below  the  top,  from  a  bed 
which  was  apparently  a  continuation  of  the  14-feet  bod,  the  hill 
being  higher  on  the  north  side.  The  lower  layer  contains  50  to  80 
per  cent  of  organic  forms,  the  uppermost  about  20  per  cent.  The 
species  below  this  top  layer  vary  but  little ;  while  in  that  they 
are  partly  different  in  species,  and  the  frustules  arc  less  broken. 

♦  See  paper  "  On  the  Age  of  the  Copper-Bearing  Rocks  of  Lake  Superior,  this 
Journal,  July,  1874. 

f  Pumpelly  and  Brooks,  this  Journal,  vol.  iii,  1872. 
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The  species  of  Diatoms  pecaliar  to  it  are :  Coecinodiscusper/oralhu^ 
Aulacodiecvs  cruxy  Eupodiscus  Bogersiij  and  Mcutagonia  €ustinop- 
tychue,  Mr.  Stodder  gives  a  list  of  the  species  afforded  by  the 
several  beds. —  Proc.  jSoeton  8oc.  Nait.  Hist,^  xviii,  206,  1876. 

7.  Carboniferous  Articulates, — Mr.  S.  H.  Scudder  has  described 
(Canadian  Naturalist,  April,  1876)  a  fossil  larve  from  a  Car- 
boniferous shale  near  Sydney,  Cape  Breton,  which  he  refens  to  a 
genus  near  Libellula,  and  names  provisionally  lAbelltda  Caarbona- 
ria;  and  also,  accompanying  it,  part  of  a  wmg  of  a  Cockroach, 
which  be  names  Blattina  sepuUa, 

Mr.  Scudder  has  also  published  a  supplement  to  his  paper  on 
Carboniferous  Myriapods  (noticed  in  this  Journal,  III,  vi,  225)  in 
the  Memoirs  of  the  Boston  Society  of  Natural  History  for  1876, 
giving  figures  of  the  specimens  there  described. 

Mr.  H.  Woodward  has  described  a  new  fossil  Scorpion,  from 
the  British  Coal-measures,  at  Sand  well  Park  and  Skegby  Collieries, 
naming  it  EoscorpitLS  A  nglicus  ;  also  a  gigantic  Orthopterous  In- 
sect, from  Scotland,  which  he  calls  Lithomanlis  carbonarius,— 
Q.  J.  GeoL  ^Soc,  xxxii,  67,  60^1876. 

8.  A^ote  on  the  Uinta  and  WahsaJtch  Ranges :  A  Correction,— 
In  vol.  Ill,  chapter  7,  of  the  reports  of  the  tfiiited  States  Geolog- 
ical Exploration  of  the  Fortieth  Parallel,  in  mentioning  the  Wah- 
satch  and  Uinta  ranges,  I  stated  that  the  date  of  their  uplift  was 
at  the  close  of  the  Jurassic  period.  The  chapter  was  written  in 
1869,  after  a  brief  visit  to  the  two  ranges  and  before  the  final  de- 
terminations of  horizons  and  fossils  were  effected.  In  1870— '71-'72 
a  more  careful  examination  revealed  the  flEict  that  the  more  impor- 
tant uplift  of  these  two  ranges  occurred  at  the  close  of  the  Creta- 
ceous, and  not  at  the  close  of  the  Jurassic  period.  The  error  had 
arisen  from  the  extremely  close  resemblance  of  certain  conglome- 
rates of  the  lower  Eocene  with  those  of  the  lowest  horizon  of  the 
Cretaceous.  In  the  Uinta  range  it  was  in  reality  the  Eocene  con- 
gloraerates,  and  not  those  of  the  lower  Cretaceous,  which  we  had 
observed  resting  unconformably  upon  the  upper  shales  of  the  Ju- 
rassic. Continued  delay  in  the  publication  of  the  geological  vol- 
umes of  our  series  induces  me  now  to  make  this  correction.  In  the 
case  of  the  Uinta  there  is  clearly  no  non-conformity,  from  the  low- 
est exposures  of  the  Carboniferous  to  the  highest  Cretaceous 
horizon,  while  the  lowest  Eocene  rests  upon  the  Cretaceous  with 
distinct  non-conformity. 

In  the  Wahsatch  the  evidence  is  far  more  complicated.  While 
the  post-Cretaceous  disturbance  clearly  had  its  profound  effect  on 
the  range,  there  are  also  many  facts  which  confirm  our  belief  that 
the  close  of  the  Jurassic  also  marked  a  period  of  orographical 
activity,  as  it  did  in  the  Sierra  Nevada.  Clarence  King. 

9.  7Vi€  trilobite,  Ceraurus  pleurexanthemus^  of  Trenton  JFhUs, 
New  York. — Mr.  C.  D.  Walcott  has  given  an  account  of  the 
mode  of  occurrence  of  this  species  and  of  the  characters  of  the 
under  surlace  of  the  dorsal  shell,  in   vol.  xi  of  the  Annals  of  the 
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Lyoenm  of  Natural  History  of  New  York,  pp.  166  and  159.  He 
states  that  the  specimeDS  in  some  layers  of  the  limestone  are  very 
numerous:  326  entire  specimens  were  counted  in  a  space  meas- 
uring 80  feet  by  40 ;  and,  of  these,  all  but  8  lay  witn  the  back 
downward,  the  position  which  ezuvite  of  the  concave  form  in  Ce- 
raurus  wou]d  take.  Their  length  varies  from  -^  of  an  inch  to  2 
inches.  The  separated  heads  are  found  in  immense  numbers,  and 
the  sturface  of  tne  rocks  is  sometimes  nearly  covered  with  them. 

10.  GlacicU  phenomena  in  Jfffweon  Co.^  New  York. — Accord- 
ing to  T.  G.  B.  Llovd,  (Q.  J.  G^ol.  Soc,  xxzii,  76^,  the  glacial 
scratches  between  Pnilaaelphia  on  the  southeast  of  Theresa  and 
Redwood  on  the  north,  (distant  ten  miles),  have  a  southwest  di- 
rection, coinciding  with  the  longer  axis  of  most  of  the  lakes  be- 
tween Theresa  and  Redwood,  and  with  the  general  course  of  In- 
dian River.  The  course  is  the  same  as  that  observed  by  Enmions 
near  Watertown.  Well  characterized  roches  moutonnbes^  with 
their  steepest  side  facing  southwest,  occur  near  Theresa.  Mr. 
Lloyd  also  describes  a  pot-hole  in  the  Laurentian  granite  which  is 
29  &et  deep  and  7  to  10  feet  in  diameter. 

11.  Origin  of  the  Porphyry  of  Marblehead^  Mass. — Mr.  T.  T. 
Bouv6,  in  the  Proceedings  of  the  Boston  Society  of  Natural  His- 
tory for  January  19,  1876  (xviii,  217),  discusses  the  origin  of  the 
red  porphyry  and  red  felsyte  rock  of  the  vicinity  of  Marblehead, 
and  proves  it  to  be  of  metamorphic  ori^n.  The  felsyte  has  long 
been  known  to  contain  disseminated  grams  or  fragments  of  quartz. 

He  states  that  in  1862  he  observed  that  the  felsyte,  near  Hing- 
ham,  was  in  part  pebbly  and  slaty,  and  graduated  into  a  conglom- 
erate, and  had  evidently  been  derived  from  the  alteration  of  the 
conglomerate.  His  observations  since  have  confirmed  this  con- 
clusion. [A  fine  series  of  specimens  was  exhibited,  illustrating 
the  transitions.] 

Mr.  Bouv6  stated  further  that  he  was  disposed  to  include  among 
the  rocks  having  the  same  origin  some,  at  least,  of  the  underlying 
syenytes.  The  succession  of  rocks  as  given  by  others,  is — (1)  con- 
glomerate ;  (2)  compact  feldspar  or  felsyte,  gradually  passing  into 
porphyry ;  (3)  porphyry,  gradually  passing  into  a  rock  between 
porphyry  and  syenyte ;  (4)  syenyte ;  and  this  relation  of  the  beds 
iir.  Bouv6  observes,  is  itself  probable  evidence  that  the  causes 
that  led  to  the  changes  in  the  higher  portions  of  the  series  afiected 
all,  though  in  varying  degrees. 

The  reading  of  Mr.  Bouv^'s  paper  was  followed  by  remarks  by 
Mr.  Hyatt,  sustaining  the  view  that  had  been  presented  respect- 
ing the  origin  of  the  porphyry.  Among  his  facts  he  stated  that 
at  one  point  on  the  ocean  side  of  Marblehead  Neck,  the  variegated 
conglomerate  is  altered  to  compact  light-colored  felsyte  in  one  di- 
rection, and  in  another  to  a  true  deeply  colored  porphyry,  con- 
taining distinct  crystals  of  feldspar;  and  that  the  included  pebble 
may  sometimes  be  traced  until  it  becomes,  without  any  change  of 
form,  a  mere  spot  in  the  light  felsyte  matrix,  the  interior  last 
losing  its  original  characteristics. 
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12.  Annual  R^ort  for  1874  of  the  U,  8.  Greologicdl  and  Geo- 
graphical  Survey  of  the  Territories ;  F.  V.  Hatdex,  U.  S.  Geol- 
ogist in  charge.  Uonducted  under  the  authority  of  the  Secretary 
of  the  Interior.  8vo,  with  numerous  illustrations  (88  full  paged) 
and  maps.  Washington,  1876. — During  the  year  1874,  the  ex- 
plorations of  the  expedition,  under  the  general  charge  of  Dr. 
Hayden,  were  carried  on  in  Colorado,  with  Denver  as  head- 
quarters. In  the  introductory  remarks — a  letter  to  the  Secretary 
of  the  Interior — Dr.  Hayden  states  that  the  series  of  older  meta- 
morphic  rocks,  of  probable  Archiean  age,  have  ^'  alone  afEbrded 
the  precious  metals  and  minerals  of  Colorado."  The  volume  con- 
tains a  Report  by  Dr.  Hayden  on  the  Lignitic  series,  the  geology 
of  the  eastern  base  of  the  Front  Range,  glacial  phenomena,  and 
on  the  Elk  Mountains  (40  pages) ;  a  Report  on  the  geology  of  the 
Northwestern  portion  of  the  Elk  Range  by  W.  H.  Holmes  (14 
pp.) ;  Report  on  the  features  and  geology  of  the  valleys  of  the 
Eagle,  Grand  and  Gunnison  Rivers,  and  on  the  detailed  features 
of  the  formations  of  the  district  by  Dr.  A,  C.  Pbalb  (106  pp.) ; 
Report  on  the  Geology,  etc.,  of  the  San  Juan  division  by  F.  M. 
Ein>LiCH  (62  pp.) ;  valuable  Reports  by  L.  Lesqubrbux  on  the 
Tertiary  flora  of  the  Lignitic  beas,  and  on  the  Cretaceous  flora  of 
North  America,  with  descriptions  of  new  species  (94  pp.  and  eight 
plates) ;  Report  of  W.  H.  Jackson,  on  Ancient  Ruins  in  South- 
western Colorado  (13  pp.) ;  besides  also  a  short  zoological  report 
by  E.  Ii>i6ebsoll;  Geographical  and  topographical  Reports  of 
Henby  Gannett,  S.  B.  Ladd,  A.  D.  Wilson,  F.  Rhoda  ;  also  a 
Report  on  the  superficial  deposits  of  Nebraska,  by  S.  Aughet. 

No  mention  is  made  of  Mr.  James  T.  Gardner  and  his  party, 
who  had  charge  of  the  Topographical  department  of  the  Survey. 

Dr.  Hayden,  in  his  remarks  on  the  Lignitic  series,  sustains  the 
views  stated  in  a  notice  of  a  paper  of  his  on  p.  148  of  this  volume. 
He  observes  that  the  formations  which  have  been  recognized 
along  the  eastern  front  in  Colorado  above  the  Archaean  are  the 
Silurian,  Carboniferous,  Triassic  (?),  Jurassic,  Cretaceous  and  Ter- 
tiary. The  beds  of  the  Lower  Silurian  occur  along  the  Black 
Hills,  Big  Horn  and  Wind  River  Mountains,  and  near  Colorado 
Springs  and  Canon  City,  but  none  have  been  found  by  the  survey 
for  the  200  miles  between  Fort  Laramie  and  Colorado  Springs. 

Dr.  Peale's  excellent  report  presents  a  large  series  of  facts  with 
reference  to  the  various  geological  formations  in  his  district  from 
the  Archaean  to  the  Quaternary,  and  including  the  igneous  rocks. 
On  Eagle  River,  and  between  it  and  Grand  Rivers,  beds  of  sand- 
stone and  limestone  variously  colored,  and  in  the  upper  parts 
gypsiferous,  afforded  the  plants  CcUamites  Suckovii^  C,  giga^^ 
Stigmaria  Jicoides ;  and  Lesquereux  concludes,  since  C,  gigas 
has  not  been  found  below  the  Permian,  that  the  beds  are  proba- 
bly Permian.  From  the  lower  part  of  the  series.  Dr.  Hayden  has 
reported  species  of  Productue,  Spirifer^  and  from  the  upper,  an 
Orbicida,  Dr.  Peale  calls  the  beds  Permo-  Carboniferous.  Mr. 
Marvine  observed  the  beds  passing  down  into  the  Carboniferous. 
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The  OQestion  as  to  the  age  of  the  LigDitic  beds  is  well  discussed 
by  Dr.  Feale ;  and  in  the  course  of  this  discussion  a  full  tabular 
list  is  given  of  all  papers  on  the  subject  hitherto  published,  their 
places  of  publication,  and  the  views  they  present,  the  several  re- 
gions of  the  beds  being  taken  up  in  succession. 

The  conclusions  are : 

That  the  Lignitic  beds  of  Coalville  and  Bear  River  are  un- 
doubtedly Cret(Z€€ou8 :  whether  the  Evanston  should  be  included 
is  left  doubtful. 

That  the  Judith  beds  are  Cretaceous,  and  have  their  equivalent 
alon^  the  eastern  edge  of  the  Mountains  (Front  Range)  below 
the  Lignitic  or  Fort  Union  group,  and  also  in  Wyoming,  and  are, 
either,  part  of  No.  6  (Fox  Hills  Group)  of  the  Cretaceous,  or,  a 
group  to  be  called  No.  6. 

That  the  coal  (which  is  partlv  anthracite)  of  Rock  Creek,  Slate 
Creek,  Anthracite  Creek  and  Ohio  Creek,  is  probably  all  of  Cre- 
taceous age.  The  coal  of  some  beds  is  excellent,  two  analyses 
giving  88*2  and  91*9  p.  c.  of  carbon.  The  anthracitic  character  is 
owing  to  a  trachytic  eruption. 

That  the  Fort  Union  group  (at  Fort  Union,  Fort  Clark,  and 
under  the  White  River  beds,  on  the  North  fork  of  the  Platte 
River,  above  Fort  Laramie  and  west  of  Wind  R.  Mts.,  also 
on  Grand  River,  Nebraska  and  farther  north)  and  the  Bitter 
Creek  series  (including  beds  of  Black  Buttes,  Hallville,  Medicine 
Bow,  Carbon,  Point  of  Rocks,  the  Rock  Spring  series  and  Wash- 
akie Station)  are,  although  both  afford  Dinosaurian  remains, 
Lower  Eocene. 

That  the  Lignitic  beds  east  of  the  mountains  in  Colorado  are 
the  equivalent  of  the  Fort  Union  group  of  the  Upper  Missouri, 
and  are  Eocene;  '^  also  that  the  lower  part  of  the  group,  at  least 
at  the  locality  200  miles  east  of  Greeley,  is  the  equivalent  of  a  part 
of  the  Lignitic  strata  of  Wyoming."  The  Lignitic  beds  near 
Gk>lden,  Denver,  Colorado  Springs,  Oanon  City,  Raton  Hills,  are 
placed  in  a  table  with  those  of  the  Fort  Union  group ;  but  are 
not  afterwards  remarked  upon. 

13.  Age  of  AngiospermotM  plants  referred  to  the  Cretaceous. — 
In  my  notice  of  a  paper  by  DeCandoUe,  on  pp.  447-449  of  this  vol- 
ume, I  remark  that  the  "  Cretaceous  plants  of  the  United  States 
are  the  plants  of  beds  which  had  previously  been  determined, 
through  the  animal  fossils,  to  be  Cretaceous."  This  statement 
needs,  as  I  6nd,  some  modification.  It  is  a  fact  that  the  plant- 
bearing  beds  of  the  Lower  Cretaceous  of  New  Jersey  and  the 
Rocky  Mountain  region  have  been  referred  to  the  Cretaceous  for 
stratigraphical  reasons ;  and  those  of  New  Jersey  on  this  ground, 
long  before  the  plants  were  found.  But  the  chief  evidence  in  favor 
of  this  reference  in  the  Rocky  Mountain  region  was,  as  I  learn 
from  Dr.  F.  V.  Ilayden,  who  has  been  prominent  in  collecting  the 
facts,  the  existence  of  Angiospermous  leaves,  the  animal  fossils 
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haviDg  been  found  in  the  layers  just  above  those  containing  the 
leaves  instead  of  those  below.  Further  we  have  to  aamit  thai 
the  stratigraphical  evidence  is  far  from  demonstrating  in  either 
region  that  the  plant-bearing  beds  are  not  Upper  Jurassic.  De- 
Candolle's  charge  is  hence  not  far  from  ri^ht,  and  should  be  set 
aside,  if  possible,  by  further  observations.  Looking  over  Dr.  Hay- 
den's  Report  for  1 874  (noticed  above)  I  find  that  the  Lignitic  of 
the  Dakota  group  (Lowest  Cretaceous)  is  stated  by  Dr.  Feale  to 
have  been  observed  at  the  mouth  of  the  Gunnison  to  be  underlaid 
by  beds  which  contain  a  Cretaceous  Scaphite,  and  Mr.  Peale  also 
mentions  that  Dr.  Newberry  speaks  of  the  Cretaceous  Chrt/phea 
Piicheri  being  associated  with  the  lower  Lignitic  beds  of  the 
same  period.  These  appear  to  be  pertinent  facts.  But  more  are 
needed.  j.  d.  d. 

1 4.  Swiss  Paleo7itological  Society, — ^This  society  was  founded 
in  1874,  upon  the  plan  of  the  Paleontographical  society,  for  the 
purpose  of  publishing  the  paleontological  works  of  its  members, 
especially  those  concerning  Switzerland,  and  also  of  continuing, 
in  a  slightly  different  form,  Pictet's  Matiriaux  pmir  la  Paleontol- 
ogie  Suisse,  The  volume  for  1876  has  just  been  distributed.  It 
includes  the  second  part  of  a  monograph  of  Pholadomya^  with  14 
plates,  by  C.  Moesch  ;  descriptions  of  Jurassic  fossils  from  Savoy, 
and  remarks  upon  their  vertical  distribution,  with  7  plates,  by  E. 
Favre ;  further  contributions  toward  distinguishing  the  Horses  of 
the  Quaternary,  with  3  plates,  by  E.  Rtltimeyer ;  description  of  a 
lower  jaw  of  Dinotheritim  Bavaricum^  with  1  plate,  by  Is. 
Bachmann ;  description  of  Tertiary  Echinoderms  of  Switzerland, 
with  8  plates,  by  P.  de  LorioL  The  volume  for  1874  contained 
the  first  part  of  Moesch's  monograph  of  Pholadomya^  with  26 
plates,  and  a  description  of  fossil  plants  from  Sumatra,  with  3 
plates,  by  O.  Heer.  The  society  announces,  as  in  preparation, 
several  papers  upon  fossil  Mollusks,  Crinoids,  Echinoias,  Nummu- 
lites.  Ammonites,  Turtles,  Stags,  etc.  The  work  deserves  better 
support  than  it  has  yet  received.  Only  six  American  names  are 
upon  the  list  of  members.  The  annual  subscription  is  25  francs, 
payable  in  advance  to  Prof.  Eugene  Reuevier,  Lausanne,  Canton 
de  Vaud,  Switzerland. 

15.  Geological  Survey  of  New  Jersey, — Annual  Report  of  the 
State  Geologist,  Prof.  G.  H.  Cook,  for  the  year  1875.  42  pp.  8vo. 
Trenton,  N.  J.,  1875. — This  report  is  mainly  economical  in  its 
facts.  It  is  accompanied  by  a  large  map  showing  the  triangula- 
tions  of  the  U.  S.  Coast  Survey,  includmg  the  primary  stations 
selected  in  1875. 

16.  Eocene  Corals  of  Italy. — The  memoir  of  Prof.  d'Archiardi, 
of  Pisa,  on  the  Eocene  corals  of  Friuli,  has  been  issued  as  a  sepa- 
rate work.  It  contains  1 00  pages  of  text,  in  8vo,  (describing  a 
large  number  of  species,)  and  16  beautiful  lithographic  plates. 
The  deposits  of  Friuli,  as  described  by  Prof.  Taramelli,  are  a 
marly  limestone  containing  echinoderms,  and,  below  this,  beds  of 


different  kinds  containing  the  foesil  cormla.  The  speoien  uro  mon^ 
than  120  in  number  and  many  of  them  are  publiahetl  a8  nt»w« 
They  show  that  the  Italian  seas  in  Eocene  time  were  within  th» 
limits  of  the  coral-reef  seas. 

17.  PhyHkcUUche  KryHaUographie  find  £SHi4fiHmff  in  ith 
kryUaUographiscIhe  Kenntniss  der  wiehiiffereH  Smhat^tPUfm  ;  von 
P.  Groth.  528  pp.  8vo.  Leipzig,  1876. — Professor  Grot h  of  Strata* 
bourg  has  done  excellent  service  for  the  science  of  miMeraK\v3:y  by 
putting  in  the  hands  of  students  a  clear  and  comnri'hensive  work 
upon  Physical  Crystallography.  He  takes  up  first  the  tfoneral 
sul^ect  of  wave-movements  and  the  undulatory  thtH>ry  or  light, 
and  by  a  series  of  careful  descriptions,  aided  by  excellent  Ulustra* 
tions,  makes  the  whole  subject  very  intelligible  without  tht^  use  of 
mathematical  formnlse.  The  fundamental  laws  of  light  an^  then 
explained,  and,  as  following  from  them,  the  various  ontictU  proper- 
ties of  crystallized  minerals ;  the  whole  being  treated  in  a  thortxigh 
and  comprehensive  manner.  The  properties  of  crystalM  in  their 
relation  to  heat,  electricity,  and  magnetism,  are  also  fullv  (lesoril>ed. 
The  second  part  of  the  work  embraces  a  discussion  or  the  forms 
of  crystals,  based  especially  iipon  the  general  laws  of  symmetry 
whicn  characterize  the  different  systems.  The  illustrations  through- 
out the  work  are  of  a  high  degree  of  excellence:  this  is  especially 
true  of  the  colored  plates  at  the  end  of  the  volume,  A  special 
chapter  is  devoted  to  the  description  of  the  various  instruments 
employed  in  optical  researches,  and  a  considerable  number  of  de- 
tailed examples  are  given.  k,  m.  d. 


IIL  Zoology. 

1.  Recent  CoraUfrom  TUibiche^  Peru^  nearly  WOO  feet  ahove  the 
9ealevel. — Professor  A.  Agassiz,  in  his  recent  Houth  Amerioaii  t^mr, 
found  a  coral  limestone  at  Tilibiche,  2,900  to  3,000  i'mft  in  eleva^ 
tion,  about  20  miles  in  a  straight  line  from  the  Pacific,  'llu*  raviriif 
where  it  occurs  is  about  450  feet  below  the  g^fueral  level  of  the 
nitrate  basin  of  Peru.  Two  species  (jf  c^irals,  m^Kleni  in  a>«|Mf^?t, 
are  described  by  L.  F.  Poartal^,  both  new  n\H*e'uf9i,  hfnfhylUa  du' 
plicata^  and  Cf/nvexastrffta  f  Peruvuxrta^  and  \Hm(Urn  iSu^*  a  Mil' 
lepore  was  observed  near  M.  alcify/mU,  VroU^m/ffr  Agassi/  r^of^ 
eludes  that  the  Pacific,  within  comjKirativelv  r^s^^mt  umtfP.,  i'XU*tn\tf4l 
through  gaps  in  the  Coart  lisLU^i:  'dud  m'^^if.  an  luU-ntnl  w-a,  whMt 
stood  at  a  height  of  n^it  lewi  t^an  2,9<K)  f#j<ft,  and  prol/ably  tnwch 
above  this,  a«  th<r  Mfa  must  hav^f  play<rd  an  unyfTt'^^d  part  in  tUtt 
dep>ogition  of  the  ^alt  and  the  nitrat/-*  of  th*f  nitrate  \>^*U. ;  aiid 
con^^equentlv,  that  there  ha»»  l>*?en  an  el^fvalion  wiur^  th<r  forr/iatl//fi 
of  the  coral  r«ffj».  of  n*A  It^m  than  2/^f^f  f^d.  Tli^  f/rMM^>^j<?  //f 
other  ext^rj*i\  e  saline  ba.*in«  at  a  h*fi^ht  '4  7//</>  f*;^.  M5*^/j  t/>  fuMk^ 
the  «abm*rrg<rnc<r  *tjll  jrr*?at*rr     TJi*?  ^xuiU^x':*:  *A  *^%\i\  ^yr^ryr^  'A 
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TiUcaca,  is  stated  to  suggest  the  presence  of  the  sea,  at  no  y&j 
distant  period,  at  a  height  of  12,500  feet. — BuU.  Camp.  ZooL^  iii. 

The  facts  haye  a  special  interest  fit>m  the  &ct  that  there  are  now 
no  coral  reefs  on  the  Sooth  American  Coast  south  of  Cape  Blanco, 
near  the  eqoator,  owing  to  the  cold  oceanic  currents  of  the  coast 
The  Coast  Range  woold  haye  been  a  protection  against  those  eia- 
rents  in  the  era  of  the  Ulibiche  coral  reefs. 

2.  Ccupian  JSecL — The  zoolo^  of  the  Caspian  Sea  has  recently 
been  studied  by  Mr.  Oscar  Grunm,  with  important  results^  He 
has  found  in  this  great  half-salt  lake  120  animal  species,  and  states 
that  the  whole  number  existing  Uiere  must  exceed  150  species. 
His  discoveries  include  6  new  species  of  fish,  (a  Gobiug  and 
five  £erUhophUi)y  20  species  of  Mollusks,  {Bis9oa  dimidiaiaj 
Hydroina  Ccupia,  M,  9pie€L,  H.  siagnalis  with  two  varieties, 
Bkdima  eonus^  Xeritina  lUurtUOj  lAthoglyphut  Caspius^  Hythinia 
Rchyxddij  Planorbis  J3iehwaldL,  sp.  n.,  Cardium  edule  and  van 
rusiieum,  C.  CcLspium^  C,  crasstany  C\  Trigonoides^  Adaena  vUrea^ 
A.  edentuiOy  A.  pUcata^  A.  ksffiuseuloj  Dreissena  polymarphoj  D, 
Ca^icty  2>.  rasirifarniiSy  and  some  other  terrestrial  and  fluviatile 
MoUnsca),  a  Brjozoan  {Bawerbanida  densa  Farre,  in  which  the 
colonial  nervous  system  may  be  admirably  seen),  and  about  35 
species  of  Crustacea,  among  which  we  find  the  fiimily  Gammaridft 
in  particular  represented  by  colossal  forms  and  Idothea  erUomon 
in  considerable  quantities^  Then  there  are  20  species  of  worms 
(SabdUdeM  octocirrata)^  numerous  Turbellaria,  two  sponges  {B&- 
niera  flava^  sp.  n.,  or  perhaps  a  variety  of  IL  alba  O.  Schm.,  and 
another  Reniera  in  the  larval  state),  and,  lastly,  13  Protozoa, 
among  which  are  6  new  species. 

The  most  interesting  gatherings  were  made  at  108  fathoms.  At 
one  haul  the  dredge  brought  up  350  specimens  of  Gammarids, 
belonging  to  4  or  5  species,  150  specimens  of  Idotea  entomon^  50 
Mysids  of  colossal  dimensions,  6  fishes,  a  multitude  of  large  speci- 
mens of  Hydrobia  Cnspia^  Dreissena  rostrifomiis^  and  enough 
more  of  zoological  specimens  to  make  four  times  this  number. 

Among  the  author's  conclusions  are  the  following.  These  species 
common  to  different  seas,  show  the  affinities  of  the  Caspian  Sea  to 
the  Aral  Lake,  the  Black  Sea,  and  the  Arctic  Ocean ;  but  the  affin- 
ities with  the  glacial  sea  seem  to  be  more  recent  than  those  with 
the  Black  Sea ;  for  in  the  latter  certain  species,  such  as  the  seals, 
Coregoitus  Uueicht/tySy  and  others  which  are  common  to  the 
Caspian  and  glacial  seas,  are  wanting.  We  may  suppose  that  in 
the  Tertiary  epoch  there  existed  in  Europe  and  in  the  neighboring 
parts  of  Asia  a  vast  closed  basin  of  fresh  water.  By  an  upheaval 
of  the  crust  of  the  earth,  due  to  the  action  of  internal  forces 
which  still  make  themselves  felt  energetically  in  the  region  of  the 
Caspian,  this  was  separated  into  some  smaller  basins,  which  are 
the  existing  Black  Sea  and  the  Aralo-Caspian  basin.  The  latter 
in  its  turn  was  afterward  divided,  just  as  we  still  see,  into  two 
small  salt  lakes  separate  from  the  Caspian.     At  the  same  time  the 
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water  of  the  glacial  sea  penetrated  into  the  basin  of  the  Caspian, 
which  still  had  a  slight  connexion  with  the  Black  Sea,  so  that  only 
a  small  number  of  animals  could  arrive  there  from  the  glacial  sea. 
Hence  we  find  that  the  primitiye  forms  of  the  Caspian  are  fresh- 
water animals  (e.  g.  iJreiaaena  polymorpJiaV  and  then  that  the 
emigrants  from  the  glacial  sea  which  reached  it  are  marine  ani- 
mals for  the  most  part  inhabiting  great  depths.  Hence,  also,  we 
recognize  that  the  Caspian  in  its  fauna  presents  more  affinities  with 
the  glacial  than  with  the  Black  Sea,  which,  again,  has  become 
richer  in  animals  under  the  influence  of  the  Mediterranean. 

The  Caspian  has  not  only  received  species  from  the  glacial  sea, 
but  has  also  furnished  it  with  some — as,  for  example,  a  species  of 
sturgeon,  which  seems  to  be  Acipenser  ruthenus^  and  lives  in  the 
rivers  of  Siberia.  I  regard  the  Sturgeons  as  belonging  to  the 
ancient  Aralo-Caspian  basin,  and  as  having  emigrated,  as  has  been 
said,  into  the  glacial  sea,  and  perhaps  even  to  America,  where,  as 
is  well  known,  the  nearest  relatives  of  the  Scaphirhynchi  of  the 
Aral  exist.  On  the  other  hand  we  may  presume  that  the  place  of 
origin  of  the  Acipenseridae  was  the  Indian  Ocean,  and  that  they 
were  derived  from  the  Selachia,  with  which,  especially  when 
young,  they  have  many  points  in  common  {e.  g.  tneir  teeth). — 
2€itocAr.  vaiss.  ZooL^  xxv,  322,  1875,  condensed  from  Ann.  Mag. 
Nat.  Hist.,  IV,  xvii,  176,  Feb.  1876. 

IV.    ASTBONOMY. 

1.  n  passaggio  di  Venere  etU  Sole,  osservato  a  Muddapur  nq 
Bengala\  Relazione  di  P.  Tacchini.  Palermo,  1875. — The  party 
of  observers  under  P.  Tacchini  were  provided  with  five  telescopes 
two  of  which  had  spectroscopes.  In  this  volume  we  have  the 
results  of  their  observations.  P.  Tacchini  concludes,  that  the 
spectroscope  can  be  employed  to  advantage  in  transits;  that  the 
solar  diameter  is  smaller  in  the  spectroscope  than  in  an  ordinary 
telescope ;  that  the  atmosphere  of  Venus  so  appears  in  the  spectro- 
scope as  to  show  that  it  has  a  large  quantity  of  vapor  like  the 
earth's  atmosphere. 

2.  Planets  recefUly  discovered. — In  the  August  number  of  the 
Journal  for  1875,  p.  158,  was  given  a  table  of  the  recently  dis- 
covered small  planets.  We  here  continue  it,  repeating  some  of  the 
planets  whose  elements  were  then  not  well  determined.  In  that 
table  the  names  Siwa  and  Folana  were  interchanged,  also  the 
value  of  (p  for  Aethra  should  have  been  22°  instead  of  2°.  The 
elements  below  so  far  as  (147)  are  obtained  from  the  Berlin  As- 
tronomische  Jahrbuch  for  1878. 

The  name  of  (139),  the  planet  discovered  by  Prof.  Watson  while 
at  Peking,  is  Jue-wa,  written  in  Chinese  by  two  characters,  but  in 
western  languages  to  be  written  without  a  hyphen,  as  in  the  table. 
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PLASBTS  BXOENTLT  BmOOYBRED. 


Ko. 

Name. 

Time  of  Dlft* 
covery. 

Discoverer. 

Mean 
diet. 

Angle  of 
Eccent. 

Incl. 

Long,  of 
noae. 

Law. 
per. 

136 

Austria, 

Mar.  18, 

1874. 

Palisa. 

2-2870 

o 

4 

62 

o 

9 

33 

o     / 
186  10 

316  32 

137 

Meliboea, 

Apr.  21, 

it 

Palisa. 

31334 

12 

2 

13 

46 

204  18 

310  20 

138 

Tolosa, 

May  19, 

ti 

Perrotin. 

2-4437 

9 

6 

3 

14 

54  55  311  23 

139  Juewa, 

Oct.  10, 

i( 

Watson. 

2-8140 

2 

67 

8. 

19 

358  37  116  32 

140  Siwa, 

Oct  13, 

II 

PaUsa. 

2-7316 

12 

29 

8 

12 

107     21300  33 

141 

Lumen, 

Jan.  13, 

1876. 

Paul  Henry. 

2-7096 

12 

64 

11 

33 

319     3i  22  38 

142 

Polana, 

Jan.  28, 

ti 

Palisa. 

2-3872 

6 

3 

2 

18 

292  36;227  23 

143 

Adria, 

Feb.  23, 

i( 

Palisa. 

2-7626 

o 

49 

11 

32 

333  45.223  20 

144  Vibilia, 

June  3, 

(1 

Peters. 

2-6601 

13 

29 

4 

62 

76  50 

8  21 

146  Adeona, 

June  3, 

II 

Peters. 

2-6939 

12 

17 

14 

24 

77  43 

118    8 

146  Lucina, 

June  8, 

(1 

Borelly. 

2-7077 

3 

61 

12 

42 

84  22 

237  43 

147 

Protog^neia 

July  10, 

»* 

Schulhof. 

31264 

1 

42 

1 

67 

262  29 

84  43 

148 

OaUia, 

Aug.  7, 

II 

Pros.  Henry. 

2-7687 

10 

44 

26 

18 

145     8 

36  13 

149 

Sept.  21, 

II 

Perrotin. 

160 

Oct  18, 

(( 

Watson. 

2-9807 

7 

30 

2 

9 

207  33 

352  45 

161 

AbuTidantia 

Nov.  1, 

II 

Palisa. 

2-6841 

6 

44 

7 

62 

40     2  216  57 

162 

Atala, 

Nov.  2, 

II 

Paul  Henry. 

3-1320 

4 

43 

12 

10 

41  29    80    0 

163 

Hilda, 

Nov.  2, 

II 

Palisa. 

3-9604 

9 

23 

7 

61  228  201284  42 

164  Bertha, 

Nov.  4, 

II 

Pros.  Henry. 

3-2286 

6 

46 

20 

49 

37  36 

168  41 

166 

Nov.  8, 

II 

Palisa. 

166  Xantippe, 

Nov.  22, 

II 

Palisa. 

30376 

16 

17 

7 

29 

246  11 

156  57 

167,])ejaiiira, 

Dec.  1. 

t( 

Borelly. 

2-6867 

12 

42 

11 

60 

62  25 

109  12 

168 

Koronis, 

Jan.  4, 

1876. 

Xnorre. 

2-9901 

16 

69 

1 

231282  49 

365  10 

169 

Aemilia, 

Jan.  26, 

(1 

Paul  Henry. 

160 

Una, 

Feb.  20, 

it 

Peters. 

2-7334 

3 

28 

3 

61 

9  18 

66  49 

161 

Apr.  16, 

II 

Watson. 

162 

Apr.  21, 

ti 

Pros.  Henry. 

163 

Apr.  26, 

ii 

Perrotin. 

Ii.  A.  ^* 


V.  Miscellaneous  Scientific  Intelligence. 

1.  Atti  ihUa  Reale  Accademia  del  Lincei,  Serie  2,  vols.  1,  2, 
8.  4to,  1873-1876.  Roma,  1876,  1876.— The  "Accademia  del 
Lincei"  held  its  first  meeting  near  the  beginning  of  the  seven- 
teenth century,  and  hence  it  is  the  oldest  of  existing  scientific 
academies.*  It  has  had,  however,  an  intermittent  existence,  owing 
to  the  stifling  conditions  about  it. 

Founded  by  Federico  Cesi,  of  the  Roman  nobility,  in  1603, 
avowedly  to  promote  the  progress  of  truth,  its  members,  and  es- 
pecially their  leader,  encountered  almost  immediate  persecution ; 
and  in  1606  they  were  forced  to  suspend  their  sessions  in  order  to 
escape  greater  evils.  The  Academy  was  at  work  again  in  1609, 
and  soon  after,  Galileo  (then  45  years  old),  Baptista  Porta  and 
Colonna  were  among  its  members.  The  Academy  adopted  as  its 
insignia  the  figure  of  a  lynx — the  piercing  sight  attributed  from 

*  It  was  preceded  in  Italy,  by  the  Academia  Secretorum  Naturae,  which  was 
established  by  Baptista  Porta,  in  1560,  and  suppressed  after  a  few  years  of  exist- 
ence by  Pope  Paul  III. 
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ancient  time  to  the  lynx  makin&r  it  a  fit  emblem  of  the  searching 
spirit  of  Science,  of  which  Galileo  was  already  an  illustrious  ex- 
ponent. The  members  were  "Lincei."  They  required  that  a 
candidate  for  membership  should  not  be  younger  than  22  years  or 
older  than  30 ;  and  he  must  be  devoted  to  the  sciences  of  experi- 
ment or  observation.  Discussions  in  jurisprudence,  modem  his- 
tory, theology,  politics  and  poetry  were  excluded,  because  not 
properly  within  their  range.  The  Academy  had,  in  part,  in  con- 
lormity  to  the  spirit  of  the  place  and  times,  the  form  of  a  religious 
order ;  for  St.  John  the  Evangelist  was  recognized  as  its  protector, 
and  the  members  were  required  to  recite  daily  ^'  I'offidio  della  Beata 
Vergine.**  This,  however,  was  not  enough  to  save  the  "  Lincei " 
from  suspicion. 

In  1630,  Federico  Cesi,  the  founder  and  patron  of  the  Academy, 
died,  to  the  grief  and  great  loss  of  its  members.  The  Academy 
had  already  come  into  disfavor,  because  Federico  in  1625  had 
denied  that  the  sky  was  solid,  and  Galileo  had  asserted  that  the 
earth  moved ;  and,  soon  after  Federico's  decease,  its  sessions  were 
for  the  second  time,  suspended.  Some  private  meetings  were 
occasionally  held,  under  tbe  protection  of  Cardinal  Barberini, 
nephew  of  the  pope.  Urban  VIII,  at  the  house  of  Cassiano  del  Pozzo, 
where  there  was  a  rich  museum.  But  in  165],  on  the  death  of 
this  Cardinal,  the  suspension  became  complete,  and  the  Academy 
was  for  the  second  time  dead ;  and  so  it  remained  for  nearly  a 
century. 

Its  revivification — the  second — did  not  takeplace until  1740,  when 
the  learned  and  liberal  Pope  Benedict  XIV,  Lambertini,  reinstated 
it  and  gave  it  the  name  of  the  ''  Accademia  de'  nuovi  Lincei." 
But  in  1758,  on  the  death  of  this  pope,  it  became  for  the  third 
time  extinct. 

In  1795,  a  society  of  young  men  which  had  held  meetings  for 
scientific  purposes  since  1786  at  the  "  CoUegeis  Umbro-Fuccioli " 
and  which  embraced  among  its  members  Feliciano  Scarpellini,  took 
the  form  of  an  academy,  called  the  "  Accademia  Umbro-Fuccioli," 
which  was  in  effect  a  revival — the  third — of  the  old  Academy. 
Owing  to  the  political  disturbances  of  1801,  the  Academy  was 
again  suppressed.  But  in  July,  Pius  VII,  a  patron  of  science  and 
art,  succeeded  to  the  papal  chair,  and  the  meetings  were  resumed, 
Scarpellini  having  the  full  confidence  and  support  of  the  popa 
This  was  the  fourth  return  to  active  life.  It  took  at  first  the  title 
of  "Accademia  Gaetani;"  but  in  1802  it  adopted  that  of  "  Acca- 
demia de'  nuovi  Lincei,"  and  in  1804,  returned  to  the  original 
name,  dropping  the  nuovi. 

The  Academy  continued  in  activity  for  forty  years,  sustained 
largely  through  the  influence  and  labors  of  Scarpellini.  With 
Scarpellini's  death,  in  1840,  it  became  once  more  defunct,  having 
been  closed  by  Gregory  XVI,  against  earnest  solicitations.  This 
pope  finally  gone,  Pius  IX  succeeded  ;  and  being  eminently  liberal 
m  his  views  when  he  took  the  pontificate,  the  Academy,  a  year 
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afterward,  in  1847,  was  reestablished  for  the  fifth  time,  the  Pope 

giving  it  the  modified  title  '^Accademia  l^ontificia  de'  naovi 
incei."* 

Finally,  Rome  having  emerged  from  the  dynasty  of  the  popes, 
and  become  the  Capitol  of  United  Italy,  under  Victor  Emmanuel, 
an  extraordinary  session  was  held  in  January,  1874,  for  the  revis- 
ion of  the  constitution.  Among  the  changes,  there  was,  first,  the 
restoration  of  the  original  name  '' Accademia  dei  Lincei"  with  the 
addition  of  the  prefix  ''  Reale,  *'  recognizing  the  new  government 
under  which  it  existed.  Next,  the  Academy  was  divided  into  two 
sections ;  one,  of  Physical,  Mathematical  and  Natural  Science,  and 
the  other  of  Moral,  Historical  and  Philological  Science ;  the  former 
to  consist  o{  forty  National  Associates,  ten  Foreign  Associates, 
and  sixty  Correspondents ;  and  the  latter  of  the  same,  excepting 
that  the  number  of  National  Associates  was  made  thirty.  Eight 
foreign  associates  of  the  first  section  have  been  since  elected ;  three 
residing  in  Great  Britain,  three  in  Germany,  one  in  France,  and 
one  in  the  United  States. 

Of  the  Atti  of  the  Academy,  a  second  series  was  commenced  in 
1873,  and  three  volumes  have  been  published;  voL  L  for  1873- 
1874;  XL  for  1874-1875,  and  IIL  for  1875-1876.  They  conUin 
papers  on  Mathematical  or  Mathematico-physical  subjects,  by  Vol- 
picelli,  Bataglini,  Betti,  Dini,  Conti,  Favero,  Ascoli,  Valentino, 
Cremona,  Menabrea,  Tonelli;  in  Solar  Astronomy  and  Spectro- 
scopy, by  Respighi  and  Volpicelli ;  in  Electricity  by  Govi,  Ricco, 
and  volpicelli ;  in  Chemistry  by  Cannizaro  and  Jratemd  ;  in  Zool- 
ogy, by  Cadet,  Maggiorani,  BoU,  Colasanti,  De  Sanctis,  Moriggia, 
and  Todiiro,  (the  paper  of  the  last  an  elaborate  discussion  of  the 
anatomy  of  the  Salpa  with  10  4to  plates;  in  Paleontology  by 
Gastaldi,  Capellini,  Meneghini  and  G.  Ponzi;  on  Volcanoes  of 
Lazio,  by  G.  Poiizi ;  on  some  Fuugi  Uredinei,  by  C.  Bagnis  Calor ; 
in  Meteorology,  at  the  observatory  of  Campidoglio,  by  L.  Respighi, 
and  on  the  climate  of  Rome,  by  K.  Paveto ;  ArchaBological  discov- 
eries about  Rome  by  R.  Canevari  and  others.  Many  of  the  arti- 
cles are  illustrated  by  plates. 

Signor  Cav.  Quintino  Sella  is  now  President  of  the  Academy. 

2.  Statistics  of  Mines  and  Mining  in  the  States  and  Territo- 
ries west  of  the  Rocky  Mountains  ;  being  the  Seventh  Annual 
Report  of  Rossitkr  W.  Raymond,  U.  S.  Commissioner  of  Mining 
Statistics.  540  pp.  Bvo.  Washington,  1875. — This  volume  brings 
the  subject  down  to  the  close  of  the  year  1874.  The  condition  of 
mining  industry  in  California,  Nevada,  Idaho,  Oregon,  Montana, 
Utah,  Colorado  and  Arizona,  is  given  in  about  400  pages,  forming 
Part  I,  full  of  interesting  details  and  accurate  information  gleaned 
vnth  care  from  many  sources,  and  states  with  great  condensation 
often  in  tabular  form,  and  arranged  for  easy  reference.  Part 
II  is  devoted  to  metallurgical  processes — its  Progress  in  the  west 

*  The  preceding  historical  facts  are  taken  from  an  address  to  the  Academy  deliv- 
ered in  Marchf  1848,  by  Volpicelli,  on  the  occasion  of  this  last  reinstatement* 
Only  two  preliminary  meetings  had  been  held  in  1847. 
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dnriog  1874;  the  diBtillation  of  zincHsilver  alloy;  silver-lead 
smelting  at  the  WinDamuck  Smelting  Works;  the  Germania 
Refining  and  desilverization  works,  Utah ;  the  constraction  and 
operation  of  a  slag  hearth ;  the  Kooky  Mountain  Coal  and  Coke, 
condensed  from  a  paper  by  Mr.  Blodgett  Britton ;  separation  of 
gray  copper  ore  from  barytes;  the  Patchen  process.  Part  IIL 
treats  of  the  geology  of  the  Sierra  Nevada  in  its  relation  to  vein 
mining,  by  Amos  Bowman,  and  his  detailed  observations  will  be 
read  with  profit  by  all  who  are  interested  in  the  genesis  of  veins 
however  the v  may  differ  from  some  of  the  theoretical  views  of  the 
author.  This  is  followed  by  a  history  of  the  relative  values  of 
gold  and  silver,  by  R.  W.  Raymond,  and  another  on  improve- 
ments in  mining  and  milling  machinery  in  the  Pacific  States,  by 
William  P.  Blake,  with  a  description  of  the  remarkable  Silver 
Mill  of  the  Consolidated  Virginia  on  the  *'  Big  Bonanza "  of  the 
Comstock  Lode  in  Nevada,  and  miscellaneous  statistics. 

We  regret  to  state  that  unless  some  new  action  is  had  on  the 
part  of  the  General  Government  this  is  the  last  of  the  valuable 
series  of  Reports  on  the  mineral  resources  of  the  United  States 
which  will  appear. 

S.  The  National  Academy  of  Sciences  held  its  regular  annual 
meeting  on  April  18  to  21,  at  Washington  City.  The  following 
are  the  titles  of  the  papers  read : 

On  the  predae  detenniiiation  of  the  number  of  vibrations  of  tuning-forks,  and 
on  the  effect  of  temperature  and  of  amplitude  of  vibration  on  the  vibratory  periods 
of  forks ;  by  A.  M.  Mayer. 

On  a  method  of  exploring  the  acoustic  condition  of  the  atmosphere,  leading  to 
the  invention  of  an  instrument  for  determining  the  direction  of  a  source  of  sound; 
by  A.  IC  Mayer. 

On  the  sensations  produced  by  concurrent  sounds,  and  by  sounds  quickly  suc- 
ceeding one  another;  by  A.  M.  Mayer. 

On  &e  theory  of  simultaneous  ignition  of  many  mines;  by  H.  L.  Abbot. 

On  Maxima  and  Minima  in  Algebra,  by  the  late  Genl  D.  P.  Woodbury,  with  a 
biograi^cal  notice  of  the  author;  by  J.  G.  Barnard. 

nie  Character  of  the  Eocene  Fauna  of  New  Mexico;  by  E.  D.  Cope. 

Contributions  to  Meteorology ;  by  E.  Loomis. 

A  conjectural  restoration  of  a  pueblo  of  the  Mound  Builders ;  by  L.  H.  Morgan. 

The  Geological  eyidence  on  the  question  of  the  cause  of  the  cold  of  the  Ice  Pe- 
riod; by  J.  8L  Newberry. 

On  the  history  of  the  Problem  of  the  Tangencies ;  by  B.  Alvord. 

On  the  theory  of  Magic  Squares ;  by  F.  A.  P.  Barnard. 

On  the  progress  of  a  Magnetic  Survey  of  the  United  States,  at  the  charge  of  the 
Bache  Fund  of  the  Academy ;  by  J.  E.  Hilgard. 

Results  of  Experiments  on  Contact-resistance ;  by  Wm.  A.  Norton. 

On  the  imperfections  of  the  present  system  of  Chemical  Nomenclature ;  by  B. 
E.  Rogers. 

The  Age  of  Mountains  as  determined  by  degradation ;  by  J.  W.  Powell. 

Biographical  Memoir  of  Joseph  Winlodk,  late  Director  of  the  Harvard  Observa- 
tory, Member  of  the  Academy ;  by  Joseph  Levering. 

On  the  Geological  and  Physical  structure  of  the  Black  Hills ;  by  Henry  Newton. 

4.  Memoir  of  Caroline  Herschel^  by  Mrs.  John  Hbrschbl, 
with  portraits.  New  York:  D.  Appleton  ifc  Co.  1876.  12mo, 
pp.  855. — The  scientific  life  of  Caroline  Herschel  as  an  observer 
and  investigator  in  astronomy  closed  in  1822  with  the  death  of 
her  illustrioos  brother,  William  Herschel,  with  whom  she  was  so 
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closely  identified  as  to  make  the  two  lives  almost  one.     She  was 
already  72  years  of  age  when  she  returned  to  Hanover,  as  she 
then  believed  soon  to  die.     Her  memoir  is  intensely  individaaL 
During  her  twenty-six  years  of  exile  in  Hanover  ^1822  to  1848) 
from  all  those  most  loved  in  England,  she  maintained  an  active 
correspondence  with  her  nephew,  Sir  John  F.  W.  Herschel  and  his 
wife,  and  exchanged  frequent  letters  with  most  of  the  eminent 
astronomers  of  the  time  in  Europe.     These  letters,  as  well  as  parts 
of  her  diary  and  personal  recollections,  are  excellent  reading.    We 
find  in  them  mucn  to  compensate  us  for  the  want  of  productiveness, 
which  Miss  Herschel  constantl  v  laments  as  the  great  mistake  of  her 
life  in  not  continuing  in  England ;  for  if  she  had  remained  there 
this  correspondence,  so  full  of  vitality  and  varied  interest,  would 
not  have  existed.     While  she  was  "  minding  the  heavens"  with 
her  beloved  '*  Sweeper,"  as  of  old,  she  would  have  found  no  time 
to  record   her  recollections  of  her  fifty  years  activity  in   her 
brother's  service,  to  honor  whom  she  was  so  willing  to  obscure 
her  own  real  merits.     But  she  will  not  be  forgotten  while  scientific 
literature  endures.     We  are  led  to  hope  that  from  the  materials 
accumulated  by  her  assiduity  and  other  sources  in  the  possession 
of  the  family  of  Sir  John  Herschel,  we  may  yet  have  a  satisfactory 
biography  of  Sir  William  Herschel — a  work  still  wanting,    b.  s. 

5.  The  depth  of  the  Pacific^  and  the  nature  of  its  bed, — We 
take  the  following  facts  from  a  recent  report  by  Pro£  Wyville 
Thomson. 

Between  Hawaii  and  Tahiti,  the  depth,  with  one  exception  of 
1,625  fathoms,  ranged  between  2,000  and  3,000  fathoms  and  has  a 
mean  of  2,600 ;  the  bottom,  except  near  the  islands,  mainly  red 
clay,  with  much  oxide  of  manganese  in  small  concretions,  and  many 
foraminifers ;  and  over  two  patches,  there  were  siliceous  shells  of 
Kadolarians,  making  a  "  Radolarian  ooze."  The  fauna  of  the 
bottom  was  very  meager. 

Between  Tahiti  and  Valparaiso  (reached  on  the  1 9th  of  October), 
6,000  miles  in  distance,  the  course  taken  was  southward  to  latitude 
40°  S.,  and  then  on  that  parallel  to  Valparaiso.  The  mean  depth 
was  2,139  fathoms;  the  bottom  was  of  red  clay  with  nodules  of 
manganese,  with  Globigerina  ooze  in  the  shallower  parts.  Life 
was  very  sparse,  except  between  Juan  Vernandez  and  Valparaiso, 
where,  although  the  depth  was  2,226  fathoms,  it  was  abundant; 
the  bottom  was  a  bluish  mud  with  very  little  manganese. 

Notices  of  the  following  works  are  deferred  to  another  number. 

Reliquiae  Aquitanicce,  Part  xvii,  the  closing  part  of  the  work.  WQliMna  A 
Norgate,  London. 

Geological  Survey  of  Pennsylvania.  Historical  sketch  of  Geological  explora- 
tions and  other  States,  by  J.  P.  Lesley,     pp.  200  and  xxvi,  8vo. 

Mines  and  Mineral  Statistics  of  N.  S.  Wales,  1875.  246  pp.  with  maps  and 
sections. 

Revue  de  Geologie  pour  les  Annees,  1873  et  1874,  par  M.  Delesse  et  M.  de 
Lapparent.     Paris,  1876. 

Geology  for  Students  and  General  Readers.  Part  I,  Physical  Geography,  by 
A.  H.  Green,  M.A.,  F.G.S.     552  pp.  8vo.     London.     (Daldy,  Isbister  k  Co.) 

Second  Annual  Report  of  the  Geological  and  Agricultural  Surrey  of  Texas,  by 
S.  B.  Buckley,  A.M.,  Ph.D.,  State  GeologiBt    96  pp.  Syo.    Houston,  Texas,  1876. 
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Abt.  LXVIL — Notice  of  a  new  Sub-order  0/  Plerosauria  ;  by 

Professor  0.  C.  Marsh. 

The  first  Pterodactyle  discovered  in  this  country  was  found 
by  the  writer,  in  1870,  in  the  Upper  Cretaceous  of  Kansas ;  and 
during  the  next  year  two  other  species  were  obtained  in  the  same 
region.*  These  three  species  were  referred  provisionally  by  the 
writer  to  the  genus  Pterodaclylus  of  Cuvier,  with  which  the  re- 
mains then  described  essentially  agreed.  An  examination  of 
the  large  series  of  specimens  of  this  order  now  in  the  Yale  Mu- 
seum, shows,  however,  that  some  of  these  fossils  possess  char- 
acters widely  diflFerent  from  all  forms  known  in  the  old  world, 
and  indicate  a  new  and  highly  interesting  type.  The  distinctive 
feature  in  this  group  is  the  absence  of  ieeih^  and  hence  the  order 
may  be  called  Pteranodontiaj  and  the  family  Pteranodontidce,  from 
the  typical  genus  described  below. 

JPteranodony  gen.  nov. 

This  genus  is  readily  distinguished  from  any  Pterodactyles 
hitherto  described  by  the  cranial  characters,  which  are  well 
shown  in  a  nearly  perfect  skull,  and  portions  of  others,  in  the 
Yale  Museum.  The  cranium  preserved  is  very  large,  and  the 
facial  portion  greatly  elongated.  There  is  a  high  sagittal  crest, 
which  projects  backward  some  distance  beyond  the  occipital 
condyla  The  latter  is  directed  backward,  and  somewhat 
downward.  The  quadrate  is  long,  and  inclined  well  forward. 
The  orbits  are  large,  avS  are  also  the  antorbital  and  nasal  aper- 
tures. The  maxillary  bones  are  closely  coossified  with  the 
premaxillary,  and  the  whole  fonns  a  long,  slender  beak,  which, 
in  the  specimens  examined,  tapers  gradually  to  the  pointed 
apex.  There  are  no  teeth,  or  sockets  for  teeth,  in  any  part  of 
the  upper  jaws,  and  the  premaxillary  shows  some  indications 
of  having  been  encased  in  a  horny  covering.  The  lower  jaws, 
also,  are  long  and  pointed  in  front,  and  entirely  edentulous. 
The  rami  are  closely  united  by  a  symphysis  which  extends 
from  the  apex  to  beyond  the  posterior  extremity  of  the  den- 
tary  bone,  thus  resembling  the  mandible  of  R/tynchops  and 
some  other  birds.  In  several  other  respects,  the  jaws  in  this 
genus  are  more  like  those  of  birds  than  of  any  known  reptiles. 

The  vertebrae  in  the  present  genus  are  similar  to  those  in 
European   Pterosaurians,  and  the   altas  and  axis  are  united. 

♦  Thifl  Journal,  vol.  i,  p.  472,  1871 ;   vol.  iu,  pp.  241  and  374,  1872. 
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There  are  four  phalanges  in  the  wing  finger,  and  the  metacarpal 
that  supports  it  is  longer  than  one  half  the  ante-brachium.  In 
one  specimen,  which  probably  belongs  to  this  genus,  there  are 
four  slender  bones,  apparently  all  metacarpals,  which  are 
pointed  above,  and  do  not  reach  the  carpus.  Another  speci- 
men, which  is  described  below,  and  probably  belongs  to  this 
genus,  has  five  vertebrae  in  the  sacrum. 

The  nearly  complete  skull  mentioned  above  may  be  regarded 
as  the  type  of  the  genus  Pteranodon,  Its  principal  measure- 
ments are  as  follows : 

Length  from  occipital  crest  to  end  of  premaxillary  about 

80  inches,  or..  760*  ""• 

Transverse  diameter  of  occipital  condyle, 8*4 

Distance  from  occipital  conayle  to  distal  end  of  quadrate,  1  OS- 
Length  of  lower  jaw  about  23  inches,  or 684- 

Greatest  depth, 62*2 

Depth  at  articulation  for  quadrate, 23*2 

The  species  represented  by  this  specimen  is  well  marked, 
and  may  be  called  Pteranodon  longiceps.  It  is  somewhat  larger 
than  P.  ocddentalis  Marsh,  which  apparently  has  more  slender 
jaws.  The  Yale  collection  contains  portions  of  a  skull  indicating 
a  much  larger  species,  which  is  probably  P.  ingens  Marsh.  If 
this  skull  was  of  the  same  proportions  as  that  just  described, 
its  length  would  be  no  less  than  four  feet ! 

One  of  the  smallest  American  species  yet  found  is  represent^ 
in  the  Yale  Museum  by  several  bones  of  the  wing,  a  number  of 
vertebrse,  and  the  nearly  complete  pelvis.  The  wing- bones 
preserved  are  elongated,  and  very  slender.  The  pelvis  is  un- 
usually small,  and  there  are  five  vetebrae  in  the  sacrum.  The 
last  of  the  series  indicates  that  the  tail  was  short  The  follow- 
ing are  the  principal  dimensions  of  this  specimen : 

Length  of  ulna, 187*  ™°' 

Length  of  metacarpal  of  wing  finger, 300* 

Antero-posterior  diameter  of  outer  condyle  at  distal  end,.    16- 

Transverse  diameter  of  shaft,  above  condyles, 13. 

Length  of  first  phalanx  of  wing  finger, 347. 

Extent  of  five  vertebne  of  sacrum, 57. 

This  species,  which  may  be  called  Pteranodon  gracilis,  was 
about  two-thirds  the  size  of  P.  velox  Marsh.  It  probably  meas- 
ured about  ten  feet  between  the  tips  of  the  expanded  wings. 

All  the  specimens  here  mentioned  are  from  the  Upper  Cre- 
taceous of  Western  Kansas.  It  is  an  interesting  fact  that  the 
localities  and  geological  horizon  of  these  specialized,  toothless, 
Pterodactyles  are  precisely  the  same  as  those  of  the  Odont- 
ornithes,  or  birds  with  teeth,  and  the  two  doubtless  lived 
together  in  the  same  region. 
Yale  CoUege,  New  Haven,  May  16, 1876. 
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Fteranodon  eomptits^  sp.  nov. 

The  smallest  Pterodaetyle  known  from  American  strata  is  in- 
dicated by  portions  of  three  skeletons  in  the  Yale  Museum. 
Among  these  remains  are  two  distal  ends  of  the  characteristic 
metacarpal  of  the  wing  finger,  other  portions  of  the  wing  bones, 
and  two  sacral  vertebrae.  The  large  metacarpal  is  very  slender, 
and  elongated,  and  its  outer  distal  condyle  has  its  superior 
margin  elevated  above  the  shaft,  and  terminated  proximally  in 
a  point  The  ulna  is  comparatively  large,  and  theproximal 
carpal  has  an  oval  air  cavity  on  its  radial  side.  The  sacral 
vertebrae  have  their  centra  short,  and  medially  constricted. 

The  principal  measurements  of  the  remains  of  this  species  are 
as  follows : 

Greatest  diameter  of  ulna  at  distal  end, 15*  '""'• 

Transverse  diameter  of  proximal  carpal, .IV* 

Antero-posterior  diameter  of  outer  distal  condyle  of  wing 

metacarpal, 12*8 

Longitudinal  extent  of  condyle, 1 1*6 

Transverse  diameter  of  shaft  above  condyle, 11*5 

Length  of  medial  sacral  vertebra, _  9*0 

Transverse  diameter  of  centrum, 8*4 

The  above  specimens  are  all  from  the  Upper  Cretaceous  of 
Western  Kansas. 

Tale  College,  May  22,  1876. 
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O.  C.  Marsh. 

Among  the  remains  of  Cretaceous  Birds  in  the  Yale 
Museum,  are  specimens  which  indicate  two  undescribed 
species  of  special  interest.  Both  were  of  gigantic  size,  and 
clearly  belong  to  the  HesperornithidcR^  although  quite  distinct 
from  Hesperornis  regalis  Marsh,  the  type  of  the  group.*  The 
more  important  characters  of  each,  so  far  as  now  known,  are 
given  in  the  following  description : 

Lestornis  crassipes^  gen.  et  sp.  nov. 

The  present  genus  is  very  nearly  related  to  Hesperornis^  but 
the  sternum  has  five  pits  on  each  side  for  the  attachment  of 
ribs,  and  essentially  no  posterior  emargi nations.  The  tarso- 
metatarsal bones  present  a  distinctive  feature  which  may  prove 
of  generic  value.  On  the  inner  side  of  the  upper  half  of  each, 
there  is  a  lar^e  tuberosity,  somewhat  similar  to  the  ossified 

*Thi8  Journal,  vol.  iii,  p.  300,  1872,  and  vol.  x,  p.  403,  1875. 
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support  of  a  rudimentary  spur.     The  teeth  and  the  Vertebrae  in 
this  genus  resemble  closely  those  of  Besperomis. 

The  present  species  is  based  upon  the  greater  part  of  a  skel- 
eton, including  portions  of  the  sKull.  These  remains  indicate 
a  huge  swimming  bird,  fully  six  feet  in  length,  from  the  apex 
of  the  bill  to  the  end  of  the  toes,  or  somewhat  larger  than  aes- 
perornis  regalis.  The  femur  and  the  tibia  resemole  those  in 
some  modern  diving  birds,  but  the  toes  are  shorter  and  stouter. 
The  large  rugosity  on  the  metatarsal  bone  is  a  striking  charac- 
ter, which  may  possibly  be  an  indication  of  sex.  The  sutures 
uniting  the  three  metatarsals  are  well  marked. 

The  principal  dimensions  of  this  specimen  are  as  follows : 

Length  of  sternum, 197'  ""■• 

Width  in  front, 162- 

Extent  of  five  articulations  for  ribs, 64* 

Length  of  femur, 103' 

Transverse  diameter  of  distal  end, bV 

Transverse  diameter  of  tibia  at  distal  end, 33* 

Length  of  tarso-metatarsal, 136' 

Transverse  diameter  of  proximal  end, 36*6 

Transverse  diameter  through  protuberance, 80*6 

Length  of  first  phalanx  of  fourth  toe,    39'6 

The  known  remains  of  this  species  are  from  the  Upper  Creta- 
ceous deposits  of  Western  Kansas. 

Hesperomia  gracilis^  sp.  nov. 

A  second  species  of  Uesperornis^  somewhat  smaller  than  //. 
regality  and  of  more  slender  proportions,  is  indicated  by  a  few 
remains  in  the  Yale  collection.  The  most  characteristic  of 
these  specimens  is  a  left  tarso-metatarsal,  which  in  general 
form  is  very  similar  to  the  corresponding  bone  in  H.  regalis^ 
but  is  much  less  robust  The  following  are  its  principal  meas- 
urements : — 

Length  (approximate)  of  tarso-metatarsal, 130-  ""'"• 

Transverse  diameter  of  proximal  end, 29* 

Antero-posterior  diameter, 17* 

Distance  from  proximal  end  to  articulation  for  hallux,.  78* 

Transverse  diameter  of  shaft  at  articulation  for  hallux,  15*1 

Antero-posterior  diameter, 18' 

Antero-posterior  diameter  of  distal  condyle  of  third 

metatarsal, 14* 

Transverse  diameter, 7* 

This  species,  also,  is  from  the  Upper  Cretaceous  of  Western 
Kansas. 

Yale  College,  New  Haven,  May  18,  1876. 
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IcfUhyomU  vtctar^  sp.  nov. 

In  addition  to  the  remains  described  above,  the  Yale  Museum 
contains  a  number  of  specimens  which  indicate  a  new  species, 
apparently,  of  the  genus  Ichthycrnis,  The  best  preserved  of  these 
fossils  consist  of  characteristic  portions  of  the  humerus,  eoracoid 
and  scapula,  all  parts  of  one  skeleton.  They  pertain  to  a  bird 
somewhat  larger  than  a  pigeon,  and  about  one-third  larger 
than  Ichthycrnis  diapar  Marsh,  the  tvpe  of  the  onler  Odontotor- 
mce,*  The  humerus  has  the  radial  crest  greatly  expanded,  in- 
dicating strong  power  of  flight  The  radial  condyle  of  the  dis- 
tal end  is  larger  than  that  for  the  ulna.  The  eoracoid  is  stout, 
and  at  its  scapular  articulation  has  a  nearly  round,  deep  pit,  into 
which  was  inserted  a  corresponding  tubercle  of  the  scapula, 
forming  a  strong  support  for  the  humerus.  Above  this  tuber- 
cle, the  scapula  nas  an  anterior  angle,  sharp  and  pointed. 

The  remains  preserved  of  this  species  have  the  following  di- 
mensions : — 


mm  I 


(Treatest  diameter  of  distal  end  of  humerus, 1 2*5 

Longitudinal  extent  of  radial  condyle, 6* 

Diameter  of  shaft  just  above  condyle, 10* 

Greatest  diameter  of  eoracoid  at  articulation  with  scapula,  6*5 

Diameter  of  articular  pit, ..8* 

Extent  of  eoracoid  above  top  of  pit, 8* 

Vertical  diameter  of  scapula  at  articulation, 8* 

Transverse  diameter, 3* 

The  known  remains  of  this  species  are  from  the  same  region 
and  geological  horizon  as  those  above  described. 

Yale  OoUege,  May  22, 1876. 

^  American  Naturalist,  Vol  IX,  p.  630,  Deo.,  1875.    This  name  was  substituted 
for  Is/UhyomUhea^  which  proved  to  be  preoccupied. 
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relation  Ixjtwcen,  and  electri(uty,  55. 

Liquids,  separation  of  mixed,  14  4. 
thermal  properties  of,  32 1 . 

Little,  G..  Geol.  Hep.,  noticed,  229. 

Lloyd,    T.  J.   B.,  glacial   phenomena  in 
Jefferson  Co..  N.  Y.,  495. 

Loomis,  E.,  results  from  examination  of 
weather  maps,  1 . 

Lover imj  J,  velocity  of  electricity,  211. 

M 

Mac     Gregor,    J.     (i.,     conductivity    of 
stretclied  silver  wire,  -24. 

of  saline  solutions.  225. 
Macmillan,  H..  First  Forms  in  Vegeta- 
tion. 156. 
Magnetic  distribution.  Rowland,  17,  103. 
Magnetism,  and  electric  spark.  57. 

thermal  equivalent  of,  221. 
Magneto-electric  machine,  gram,  405. 
Malktt,  J.  W.,  achrematite,  152. 

formulflp  of  urea,  et^.,  185,  291. 
MandeiihaH,   temperature   and   index   of 
refraction.  406. 


Manganese,  boride,  and  iron,  485. 
Marey,  waves  in  elastic  tubee,  U5. 
Marks,  W.  D.,  native  zinc,  234. 
Marskf  0.  C,  characters  of  the  Dinooe- 
rata,  163. 

of  the  Tillodontia,  249. 
of  the  Brontotheridffi,  335. 
of  the  Goryphodon,  425. 
on  new  Pterodactyles,  507. 
on  new  Odontomithes,  509. 
Mayer,  A.  M.,  acoustics,  324. 
Mayer,  respiration  of  plants,  238. 
McFarland,  R.  W.,  curve  of  eccentricity 

of  earth's  orbit,  466. 
McLeod,  Leyden  jar  regolator,  221. 
Meek,  fossil  plants  from  Virginia,  66. 
Metadoleryte,  metadiabase,  etc.,  119.122. 
Mercury,  waves  on,  66. 
Meteorite  of  Waoonda,  ShqfMrd,  473. 
Meteorites,  gases  in,  Wrigkl,  263. 

carbon  compounds  in,  £^nUt^388,433. 
Meteor  of  Jan.  Slst,  SmUh,  458. 
Meteorology,  contributions  to,  Loomis,  1. 
Metric,  meter-diagram,  423. 
Meusel,  nitrates  from  bacteria,  63. 
Michadis,  aromatic  compounds  contain- 
ing arsenic,  54. 
Milne- Edwards,  Crustacea  of  Mexioo,329. 

MlKBRAI^,   ETC. — 

Achrematite,  MaUet,  262. 
Biotite,  lithiferous,  431. 
Brookite,  234. 

Chondrodite,  E  8.  Dana,  139. 
Chromic  iron,  152. 
Durangite,  Brush,  464. 
Gamierite,  235. 
Hermannolite,  140. 
Noumeite,  235. 

Orthoclase,   tourmaline    with    envel- 
oped, Williams,  273. 
Phacolite  and  seebachite  152. 
Pyrrhotite,  twin  of,  E.  S,  Dana,  386. 
composition,  etc.,  Harringion,3S1. 
Samarskite,  E.  S.  Dana,  201. 
Schraufite,  152. 
Selwynite,  235. 
Serpentine,  234,  491. 
Staiux)lite,  new  twins,  E.  S.  Dana,  384. 
Troilite,  68. 

Zinc,  native,  Marks,  234. 
Mojsisovics,  E.,  work  by,  noticed,  412. 

N 

Naudin,  heredity  in  plants,  €rray,  153. 
Nebula-photometer,  Pickering,  482. 
Nebida,  changes  in,  Holden^  341. 
Newberry,  J.  S.,  Geol.  Report,  409. 
Ntncromh,  S.,  CroU's  Climate  and  Time, 
26:i. 
Uranian  and  Neptunian  systems,  159. 
Now  York,  Museum  of  Nat  Hist.,  247. 
Nipher,  F.  E.,  lantern  galvanometer,  HI. 
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Nitntos,  fomiAtioii  of,  by  bacteria,  63. 

from  Bitrogon  of  air,  222. 
Citric  add,  action  of,  on  ailver  and  oop- 

per,  51. 
Jfodot^  interference  fringes,  57. 
Norton,  W.  A,f  set  of  bars  of  wood,  iron 
and  steel  after  a  transverse  stress,  284. 
contact  resistance,  442. 

0 

OBrruABT — 

Bartling,  F.  G.,  326. 

Boreau,  Alexander,  326. 

Brong^iart,  Adolphe,  326. 

Gray,  J.  B.,  326. 

Orenier,  J.  C.  M.,  326. 

Hanbury,  Daniel,  326. 

Hc^enbacher,  B.  F.,  326. 

Jacobi,  326. 

Kopp,  BmUe,  80. 

Lapbam,  L  A.,  326,  333. 

Logan,  Sir  William,  81. 

Marvine,  Archibald  R.,  424. 

Nolte,  E.  F.,  326. 

Scrope,  Oeorge  Poulett,  248. 

Thuret,  Gustave,  326. 

Wheatstone,  Charles,  80. 

Wing,  Augustus,  334. 
Observatory,  Harvard,  engravings,  159. 
in  the  Pyrenees,  76. 
U.  S.  Naval,  OlMiervations  159. 
Ocean,  see  Fadfie  and  Sea. 
Oceanic  circulation,  wind  theory  of,  58. 
Odontomithes,  new  forms  of,  509. 
Olefinee  and  alcohol,  486. 
Ostwatd,  effect  of  mass  on  chemical  ac- 
tion of  water,  143. 
Oioen,  i2L,  reptiles  with  features  of  Tri- 

assic  mammals,  330. 
on  the  Dinooerata,  401. 
Ozone  and  carbon  monoxide,  136. 

P 

Pacific,  depth  of  North,  161,  506. 
Packard,  outlet  of  Great  Salt  Lake,  149. 

Life  Histories,  noticed,  326. 
Parish,  R,  BX>ecific  gravity  balance,  246. 
Paroxybenzoic  acid  and  salicylic,  488. 
Peabody  Acad.,  Memoirs,  noticed,  243. 
Peale,  A.  C.  Geol.  Rep.,  noticed,  496. 
Peat,  compressed,  XVI. 
Perrey,  A.,  on  earthquakes  and  age  of 

moon,  noticed,  233. 
Peters,  C.  //.  F.,  new  planet,  .'il7. 
Petre  faction,  150. 
Phloro^lucln  and  nitrates,  487. 
Phonometer,  Mayer ^  '.\2A. 
Phosphoric  acid,  effect  of  silicic  acid  on 

estimation  of,  Jenkins^  204. 
Phosphorus  oxychloride,  Remsen,  365. 
Photometer,  nebula,  Pickering,  482. 
Pickering,  K  (7.,  physical  abstracts,  55, 

144,  219,  320,  403,  488. 


Pickering^  E.  (7.,  nebula-photometer,  482. 

Pictet,  thermal  properties  of  liquids,  321. 

Pierre^  orjrBtalUsed  hydrate  of  hydro- 
chloric acid,  318. 

Pinner^  new  hydrocarbon,  54. 

Pirrier,  £.,  on  starfishes,  noticed,  416. 

Pisa,  Tuscan  Society  of  Science,  79. 

Planet,  new,  159;  Peters,  317. 

Plants,  recently  discovered,  75,  501. 

Platinum,  decomposition  of  water  by,  318. 

Platinum,  density  of,  142. 
stills,  corrosion,  216. 
palladium,  etc.,  in  silver  coins,  486. 

Potassium  and  ethyl  succinate,  1 29. 

Prime,  P.,  Jr.,  GJeol.  Rep.,  noticed,  62. 

Proctor,  R.  A.,  Our  Place  among  Infini- 
ties, 242. 

Pteranodonts,   a  new  order  of   Ptero- 
sauria,  507. 

Pyrheliometer,  new,  220. 

a 

Quinine,  polarization  observations,  Dra- 
per, 42. 

R 

Radiometer,  Crooke's,  404. 
Rammelsberg,  Mineral-Chemie,  413. 
Rath,  v.,  seebachite  is  phacolite,  152. 
Raymond.  R.  W.,  Report  on  Nfines,  604. 
Refraction,  temperature  and  index  of, 406. 
Remaen,  I.,  action  of  potassium  on  ethyl 
succinate,  129. 

ozone  on  carbon  monoxide,  136. 

phosphorus  oxychloride,  365. 
Renault,  B.,  on  Botryopteris,  238. 
Rogers,  W.  A,  gravel  deposits,  60. 
Rosolic  acid,  217. 

Roux,  G.,  carpels  of  Erodium,  158. 
Rowland,  H.  A.,  magnetic  distribution, 

17,  103. 
Rue,  de  la,  spark  with  large  batteries,  322. 

s 

Scuitler,  S.  P.,  tartronic  acid,  etc.,  114. 
Salts,  constitution  of  acids  and,  218. 
Sands,  B.  P.,  Observations,  noticed,  331. 
Sars,  G.  0.,  on  Brisinga,  and  ('umacea, 

328,  329. 
Saturn,  observations  on,  Trouvelot,  447. 
Sclteurer-Kestn*^',  corrosion  of  platinum 

by  sulphuric  acid,  216. 
St'udder,  S.  11.,  fossil  butterflies,  74. 

fossil  insects  and  myriapods,  494. 
Schunk  and  Ramier,  new  acid  isomeric 

with  alizarin.  218. 
Sea-bottom,  Thompson,  78. 
Secchi,  proper  motion  of  stars,  490. 
Sc?imankevHtsch.  on  Artemia,  330. 
Set  of  bars  of  wood,  iron  and  steel  after 

a  tran.sverse  stress,  Norton,  284. 
Shepard.  C.  U.,  hermannolite,  140. 
meteorite  of  Waconda,  473. 
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Silica  of  plants,  WSbofs  373. 

Silver  bromidei  sensitiyenefle  of,  Lea^  459. 

Smith,  E.  A.,  G«ol.  Rep.,  xiotioed,  410. 

Smiih,  J.  L.J  on  troilite,  68. 

carbon  in  meteorites,  388,  433. 
bolide  of  Jan.  Ist,  458. 

Smith,  R  B.,  Qeol.  Rep.,  noticed,  229. 

Smithy  S.  /.,  zoological  notices,  329. 

Smith,  W.,  condenmd  hydrocarbons,  485. 

Solar,  see  Sun. 

Sound,  researches  in,  Taylor^  30,  94. 

South  Kensington,  exhibition  of  appara- 
tus,  180. 

Southworiht  M.   5.,  ozone  and  carbon 
monoxide,  136. 

Specific  gravity  balance,  Parish's,  246. 

Spectrum,  duplicity  of  the   1474  line, 
Youngy  429. 
of  light  of  blue  grotto  at  Oapri,  56. 

Spice^  R.y  tuning  forks  in  unison,  372. 

Spontaneous  generation,  l^fndaU,  305. 

Star  catalogue.  Stone's,  noticed,  75. 

Stars,  proper  motion  of,  490. 

Stearic  acid,  decomposition  of,  484. 

Stefani,  serpentine  of  Apuan  Alps,  492. 

Stevenson,  Geol.  Rep.,  noticed,  412. 

Stodder,  C,  infusorial  stratum,  493. 

Stone,  E.  J.,  star  catalogue,  noticed,  75. 

Stovtey^  G. «/.,  Crooke's  radiometer,  404. 

Storer.  F.  H.,  analyses  of  hay,  247. 

Stress,  set  of  bars  after  a  transverse, 
N<yrUyii,  284. 

Succinic  acid  from  tartaric,  487. 

Sulphur  and  oxygen,  compound  of,  319. 

Sun,  duplicity  of  the  1474  line  in  spec- 
trum of,  Young,  429. 

Sun-spots,  veiled,  Trouvelot,  169. 

Swiss  Faleontologieal  Society,  498. 


Tacchini,  Transit  of  Venus,  501. 

Tartronic  acid,  Sadiler,  1 14. 

Thylor,    W.   R,   recent    researches    in 
sound,  30,  94. 

TJwinpsoji^  W.,  sea-bottom,  78. 

Tiddeman,  R.  H.,  Settle  Oaves,  :J31. 

Tillodontia,  characters  of,  249. 

Trautschold,  H.,  on  fossil  fishes,  234. 

Dresra,  magneto-electric  machine.  405. 

Trimethyl benzols,  487. 

TVoost,  manganese  and  iron,  485. 

Trouvelot^  Z.,  veiled  solar  spots,  169. 
observations  on  Satur*.,  447. 

Tfowbridge,  J.,  armatures  of  electro-mag- 
nets, and  new  induction  coils.  361. 

Tuning  two  forks  in  unison,  Spict,  372. 

Tyndall,  on  germs,  305. 

u 

Ulrich,  G.  H.  F.^  catalogue  of  rocks,  67. 
selwynite,  noumeite,  gamierite,235. 
Urea,  etc.,  formulae  of.  Mallet,  185,  291. 


Van  Beneden,  P.  J.,  Paraaltea  and  Mess- 
mates, noticed,  421. 

Venus,  transit  of,  501. 

VerriO,  zoological  notices,  326,  416. 
starfishes  of  New  Bngland,  416. 

Vicin  from  Vicia,  488. 

Vogel,  £r.,  light  and  silver  bromide,  215. 

Koyei,  H.  W.,  spectrum  of  light  of  blue 
grotto  at  Capri,  56. 


w 

WakoU,  a  D.,  trilobite  (Ceraurus),  494. 

Wallace^  fiint-implements  from  drift  of 
Virginia,  195. 

Warren,  G.  K.,  explorations  in  Nebras- 
ka, eta,  noticed,  79. 

Watson,  S.,  botanical  papers,  notioed, 
325. 

Waves  on  mercury,  56. 
stationary  liquid,  144. 
in  elastic  tubes,  145. 

Weather  maps,  residts  from  ezarainatioa 
of,  Loomia^  1. 

WebeTj   Kf  compound  of  sulphur  and 
oxygen,  319. 

Wheeler,  G.  M.,  report,  noticed,  244. 

Whitaker,  W.,  Geological  Record,  411. 

Whitney,  J.  D.,  Geographical  and  Geo- 
logical Surveys,  noticed,  67. 

WuSnan^  formation  of  alizarin,  143. 

Wiedemann^  specific  heats  of  gases,  403. 

WilHamSy  tourmaline  with  enveloped  or- 
thoclase,  273. 

Wilsoii,  P.  B.,  silica  of  plants,  373. 

WinchelL,  A.,  ice-fioes  in  Champlaiu,  225. 

WinkelmaaiHj  conductivity  of  gases,  32U. 

Wright,  A.  W.,  gases  in  meteorites,  253. 

Worthen,  A.  H.,  Geol.  Rep.,  noticed.  229. 


Yellowstone  River,  expedition  up,  79. 
Youfiy,  C.  A.,  duplicity  of  the  1474  Unt 
in  the  solar  spectrum.  429. 


Zoology — 

Allcegenesis,  420. 

Artemia  changing  its  characters,  330. 

Brising^  Sars  on,  328. 

Caspian  Sea,  500. 

Corals  in  Peru,  499. 

Deep  sea,  78. 

Germs,  TyndaU  on,  305. 

Greenland  seas,  fauna  of,  158. 

Isopod,  new  fresh  water,  Uargrr,  384. 

Lemurs  not  related  to  monkeys,  158. 

Starfishes  of  N.  England,  VerrilL  416. 

See  further  under  Geoloot. 
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